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TRANSLATOR'S PREFACE. 



I FEEL confident that no apology for presenting 
this translation to the public, nor any eulogy on 
the author of the oidginal work, are at all necessary. 
The name of Berzelius, as a skilful and patient 
experimenter, stands almost unrivalled ; and the 
present Essay amply vindicates his claim to the 
high reputation he has acquired. It is an inva- 
luable collection of important and new facts^ and 
admirably supplies the want, which has long been 
felt and acknowledged, of a scientific practical trea- 
tise on the blowpipe. Some explanation^ however, 
and to the iiuthor some apology perhaps is neces- 
sary, as to certain liberties I have taken with the 
originaL In the first place, I found the descrip- 
tion of apparatus so very minute, that though such 
may be desirable in Sweden, in Britain I am sure 
it is not wanted, abounding as this country does 
in skilful artists, from whom every species of phi- 
losophic^ apparatus may be had, of the best work- 
manship and construction \ I have therefore 

' Mr. Newman, of Lisle-street, Leicester-square, makes 
complete sets of apparatus for the blowpipe, contaiiiiflg every 
thing that the operator can require. Each article may be 
had separately, or the whole together, neatly arranged in a 
-small case, with fluxes, &q. of the greatest purity, (an object 
ofprimarj^ consequence^ at the option of the purchaser. Mi- 
nerals of all kinds, both for cgllections and experiment, may 
be had of Mr. Sowerby, King-street, Covent Garden, and of 
Mr. Mawe, near Somerset-liouse, in tlie Strand. 
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shortened several of thepQ i^^sgriptiQn;;, , without 
however omitting any thing essential. In all that 
relates to the habits of the various subjects of ex- 
l)eriment, whether of the substances in their pure 
unmixed state, or of their compounds as minerals, 
I have most cautiously abstained from deviating 
fi'om my author ; not a single character, in any 
one instance, has been intentionally omitted. But 
though I have held it matter of conscience to leave 
out nothing on these heads, I have been less scrnpu- 
lous with respect to his nomenclature and formulae. 
!Herzelius, as is well known, has adopted an hypo- 
thesis of his own framing, founded on electro-che- 
mical attractions, in which, when two elements 
combine, one of them is always supposed to be 
electro-positive, and one electro-negative, with 
respect to the other; and he has further laid it 
down as an established canon, that '^ compound 
atoms of the first order,** (that is, composed of only 
two simple elementary atoms,) " having a common 
electro-negative element, always combine in such 
proportions, that the number of atoms of the elec- 
tro-negative element of one, is a multiple by a 
whole number of that same number in the other; 
-^*-.that is to say, for instance, in the combinations 
of oxidated bodies, the number of atoms of oxygen 
of one of the oxides is a multiple by a whole num- 
ber of that of the atoms of oxygen of the other ; 
and in combinations of sulphurets, the number of 
atoms of sulphur of the one, is equally a multiple 
of the number of atoms of sulphur ia the other." 
{Esmi sur la Theork des Proportions Chinuques, 
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p. 37.) According to this canon, he calculates 
the composition b£ natural minerals, and expresses 
the results hy certlun signs and formulae which he 
has invented for that purpose. With respect tQ 
Hs canon, it seems to me to differ in nothing esr 
sential from the common doctrine of chemical pro- 
portions, (in fact it is merely an hypothetical ex- 
tension of it,) by which the greater number of 
compounds are illustrated with beautiful simplicity; 
and as to those which appear to be anomalous, it 
is probably better to let them stand for the present 
as acknowledged difficulties, than, in attempting 
to surmount them by arbitrary assumptions, in- 
cur the danger of involving the whole theory in 
obscurity, if not in error. Time, that has done ao 
much, may do more ; and future experiments wiU 
perhaps satisfactorily illustrate what now appears 
puzzling and obscure. When I turn to my 
scale of chemical equivalents, I find iron opposite 
the number 34*5, denoting its equivalent or 
ratio of combination, (that of oxygen being taken 
as 10,) oxide of iron 44*5, and red oxide of 
iron 49*5. This is a simple statement of &ct$, 
derived from the best authorities, and surely 
it is better to let it stand so (which answers 
every really useful purpose, sx^d more perfectly 
than any other, because more' simple), than to 
perplex ourselves with questions of atoms and half 
atoms, and by doubling this, and halving that, 
endeavour to make nature bend to our precon- 
ceived opinions. The author's nomenclature is 



closely conneded with his dmon ; thus we find 
him expressing^ the compos^M tf magnetic iron** 
ore (Trait^^ p* 145) as that df one atom of oxi« 
dule (protoxide) of iioD, with two atoms c^ osade 
(peroxide), the former containing two atoms of 
oxygen, the latter three; and, adopting Latin names 
and terminations, he ccdls the protoxide of iron, osi* 
durhferrosum, the peroxide ikvidumferricumi and 
the compound we ai?e speaking of, oxidumferrosih 
ferricum. This, and similar terms, I have taken the 
liberty toreject, using instead those commonly adopt- 
ed in this country. The chemical and mineral(^cal 
symbols are composed of the initial letter or letters 
of the Latin names 6f the various elementary bo^ 
dies ; for the former, the common Roman capitals 
Bre used, over which are placed as tnaQf dots as 
there are supposed to be atoms bf oxygen com* 
lined with the electro-positive element; for 
the mineralogical symbols Italic x^apitals are em^ 
ployed, and the dots omitted. In the formulae 
they are connected by the usual algebraic sign of 
addition. These formulae I have omitted in toto; but 
that the reader may not lose the information they 
are intended to convey, I have subjoined, in notes^ 
the compounds they respectively indicate in com? 
*mon language. I have taken this liberty (and, I 
here beg to assure my author, with any feeling 
rather than that of disrespect), because I do not 
think the introduction of these, or any other symr 
bols, at all necessary: it requires sometime and 
patience to make oneself thoroughly master of 
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instance, he states the protoxides of columhium^ 
copper, gold, mercury, and several others, to be 
formed of one atom of base and on^ atom of 
oxygen, whilst baryta, lime, silver, &c., having 
- more energetic aflSnities, contain two atoms of 
oxygen to one of base. Berzelius, with Thomson, 
luiopts oxygen for his Unit, and in those instances 
in which he considers the lowest degrees of oxida- 
tion to require but one atom of that element, his 
numbers for the bases also correspond with Thom- 
son's. Thus the atoms of columbium, copper, gold 
and mercury in Thomson's table are respectively 
18, 8, 24-875, and 25 ; and in Berzelius's 18-23, 
7-91, 24-36, and 25-31. But, with respect to 
the more energetic bases, Berzelius's numbers are 
double those of Thomson's ; for, having laid down 
the before-mentioned hypothesis, there was no 
possibility of supporting it but by the ruk of two. 
For instance he tells us (p. 149, Essai) that recent 
correct experiments show that 100 parts of mag- 
nesia contain 38*7 oxygen, and consequently are 
combined with 61*3 parts of magnesium: but 
magnesia, is one of the energetic bases, and there- 

fore contains two atoms of oxygen ; h^ice -^ : 

61-3 :: 1*00 : 3-16, which is double Thomson's 
number, who with the generality of chemists (all 
of the present day, for aught I know, except Ber- 
zelius) considers magnesia as containing only one 
atom of oxygen. Berzelius has the same niunbcr 
to represent sulphur, as Thomson, (within a trifling 
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fraction) and eonsequently is compelled to consicier 
the sulphurets of the energetic bases as contain- 
ing, in like manner, two atoms of sulphur, in 
order to reconcile experiment and hypothesis. 

It is in these instances that I have committed 
the errors alluded to, and though it certainly is no 
excuse for my fault, yet I must take the liberty 
to say that it is one proof amongst a thousand of 
the danger of involving plain matter of fact in 
unnecessary hypothetical dogmas. 

Having given this explanation I proceed to point 
out the corrections which the reader will have the 
goodness to make, by substituting the following 
numbers, for those he will find in the cSses re- 
ferred to. I am sorry that the lateness of the 
period, when the mistake was detected, should 
have made the list so numerous. The references 
are all to the notes. 

P. 135. 1 atom of sulphur 16+1 atom of 
' arsenic 38 = 54, and 3 atoms of sulphur 48+2 
atoms of arsenic 76 = 124. The second com- 
pound is a sesquisidphuret, containing half as 
much more sulphur as the first; to express it 
atomically therefore the numbers are doubled to 
get rid of the anomalous half atom. 

P. 136, 1 atom of arsenic 38 + 2 of oxygen 
16 = 54. 

P. 138. 1 atom of antimony 45 + 1 of sid- 
phur 16 == 61, and the red, 1 atom of oxide of 
antimony 53 + 2 atoms of sulphuret 122 = 175. 
ITiomson's and Berzelius's numbers for antimony 
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do not taceord well-^that of tiiO ktter ki iiesrly 
three times that of the formor. The oxides and 
sulphurets of antimony are^ Hko tliose Of arsenic, 
not well made out. 

P. 146. 1 atom of silver 110 + 1 Utom of sul- 
phur 16 =s 126. 

2 atoms of sulphuret of antimony 132 + 8 
atoms of sulphiuret of silvet 378 ^ 500. 

P. 149. 1 atojn of silver 110 -f 1 atom of 
mercury 200 = 310. 

P. 150. 1 atom of bismuth 71 + 1 of sulphur 
16 =s 87. 

P. 153. 1 atom of lead 104 + 1 of sulphur 
16 = 120, 

P. 155 1 atom of su]^huret of lead 120 4- 
1 atom of sulphuret of copper 80 + 1 o^ sulphuret 
of antimony 61 = 261* 

P. 156. 1 atom of sulphuret of lead 120, 1 of 
sulphuret of silver 126^ 1 of sulphuret of an- 
timony 61, and 1 of arseniuret of nickel 64 = 371- 
P. 161. 1 atom of oxide of lead 112 + 1 
atom of tungstic acid 120 = 232. 

P. 163. 2 atoms of sulphuret of copper 160 + 
1 sulphuret of silver 126 = 286. 

P. 165. 1 atom of sulphuret of tin 75 + 2 of 
sulphuret of copper 160 =s? 235. 

P. 166. 1 atom of sulphuret of lead 120 + 2 
of sulphuret of copper 160 + 2 of sulphuret of 
bismuth 174 = 454. 

P. 167, 2 atoms of seleniuret of copper 210 
+ 1 of seleniuret of silver 151 = 361, 



NOTE TO THE READER. XV 



P. 178. (80 X 3 + 16 X 6) = 336 + 12 
water 108 = 444. Berzelius's number for silica is 
three times that of Thomson's. 

P. 175. 1 atom of nickel 26 + 1 of sulphur 
16 = 42. 

P. 176. 1 atom of bisulphuret of nickel 58 + 
1 of biarseniure t of nick el 102 = 160. 

P> 17 7> For 26 X 3 + 62 X 2 = 202, read 
34 X 3 + 62 X 2 = 226 + 162 = 388. The 
weight of the atom of nickel has been taken by 
accident for that of its oxide. 

P. 183. 1 atom of uranium 125 -|- 1 atom of 
oxygen 8 = 133. The peroxide may be consi- 
dered as containing half as much more oxygen as 
the protoxide, in which case it will consist of 2 
atoms of uranium 250 + 3 of oxgen 24 = 274. 
Brande considers the atom of uraniiun to be 64, 
(oxygen being 8) and that the protoxide contains 
1 atom of oxygen, tbe peroxide 2 atoms. 



SKETCH 

OF 

BERZELIUS'S 

MINERALOGICAL ARRANGEMENT^ 

BY THE TRANSLATOR. 



As Berzelius's system of mineralogy is not ge- 
nerally known, I believe, in this country, I subjoin 
a sketch of its leading features. His arrangement 
of minerals is purely chemical ; and although he 
may perhaps have proceeded somewhat more ra- 
pidly than is consistent wdth the actual state of 
chemistry, I am convinced that the basis is solid, 
and the superstructure will one day be perfect and 
beautifiil. When I say that his system is purely 
chemical^ it must not be understood that Berze- 
iius rejects the use of external characters ; on the 
contrary, he knows and acknowledges their value. 
It has been asserted that the chemist and the mine- 
ralogist, properly so called, have^ and ought to have, 
different modes of viewing inorganic nature. This 
Berzelius expressly denies, and argues, that if the 
chemist, after relating the composition of a mine- 
ral, were ta omit to describe, with the same care 
and accuracy, its external characters, as colour, 

b 
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hardness, transparency, crystalline form, &c. &c. 
his chemical details would he of little value, since 
no one, for want of the latter, could tell to what 
suhstance the former relates. But the principles 
cm which a general systematic arrangement is to be 
founded, and those on which we are to proceed in 
the description of individual substances, are dis- 
tinct from each other, and must not be confounded* 
As external characters are insuflScient to determine 
the true place which a mineral, not as yet ana- 
lysed, should occupy in the system; so, on the 
other hand, after an individual of any species has 
been analysed, they are essentially necessary to 
determine the identity of others, whose similarity, 
in these respects, to the one of ascertained compo- 
sition, leaves no doubt of its being formed of the 
same elements, in the same proportions, and con- 
sequently obviates the necessity of a chemical ex- 
amination of more than one well characterised speci- 
men of each species. Hence, external characters are 
of great importance to mineralogy ; but neverthe- 
less, it is impossible to adopt a compound principle 
of general arrangement founded on the union of che- 
mical composition and external form. The latter 
depends solely on the former, but great differences 
often occur in the external characters of minerals 
composed of the same elements, but in different 
proportions ; and it not unfrequently happens that 
substances so circumstanced are even more dissi- 
milar in point of external form> than others whose 
composition is less alike. Here composition and 
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form are contradictory ; and if the latter is to have 
part in the principle of general arrangement, we 
must transfer the mineral in such case from its as« 
sodation with its fellows, to those which it merely 
resembles externally. But no system attempts. to 
proceed without founding its orders, at least on a 
chemical basis, employing the exteamal charactexB 
in the subsequent details. If, therefore, we adopt; 
the latter for arranging substances together, which, 
according to the fundamental principle, have no 
connexion, the whole system becomes inconsist- 
ent. Hence we are compelled to employ and keep 
separate, either composition, or external character, 
as the basis of general classification, without suf- 
fering the one to influence or disturb the other. 
The chemical arrangement does not make minera- 
Ic^ the less a branch of natural history, since the 
objects it contemplates, though destitute of life 
and organization, and consequently incapable of 
being classed on principles suitable to organized 
bodies, are still a portion of the great work of na- 
ture. Nor is there any contradiction in consider^ 
ing mineralogy as a part of chemistry, because it 
is at the same time a branch of natural histwy ; 
<Hi the contrary, it is essentially a part of both, 
and the more assistance it derives from the former, 
the more perfect it will become as a portion of the 
latter. As to the objection* that our chemical re- 
searches have not yet attained the precision neces- 
sary to apply and confirm the new theory in its full 
extent, it is unfortunately true; but that is no 

b 2 
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argument against the propriety of adopting it, for 
the sooner we begin to treat a science according to 
accurate notions, the sooner our researches will be 
properly directed, and the sooner they will attain 
their object 

, Having thus given an outline of the arguments 
by which Berzelius defends the superiority of a 
purely chemical system of mineralogy, I proceed 
to his classification, and the peculiar views on 
which he has founded it. 

The influence of electricity on the theory of 
chemistry extends to mineralogy, although not hi- 
therto applied to that science ; for the elements of 
which minerals are composed, as well as those of 
all other bodies, unite with forces proportionate to 
the. differences that exist in their mutual electrical 
relations. Hence, one or more electro-positive, and 
one or more electro-negative ingredients,^ must be 
found in every compound body ; thus, if it be 
formed of oxides, for ^very ingredient which we 
call a base, another must act as an acid, although 
the latter, in its insulated state, may not have the 
sour taste and other properties by which acids, 
usually so called, are distinguished ; such are si- 
lica and the oxides of titanium, columbium, and 
many other metallic oxides, so that all the im- 
mense series of earthy minerals may be classed 

I Electro-positive bodies are those which, when sepa- 
rated from a compound by the voltaic apparatus, terminate to 
the negative pole ; electro-negative bodies terminate to the 
positive pole. 
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after the same principles »s salts. An ingredilsni 
which acts as an acid in one case, may act as 
a base in another, according as it is electro-n^a^ 
tive or electro-positive, with respect to the suIh 
stance it combines with ; and consequently, in a 
combination of two acids, the weaker may serve io^ 
a base to the stronger. 

The doctrine of chemical propoHions^ whidi 
has so much exalted chemistry as a science, must 
also give the same mathematical precision, if we 
may be allowed the expression, to mineralogy, and 
there are a v^st number of analyses of inineral 
substances, whose results perfectly acc6rd with 
chemical proportions. It is principally from the 
examination of thiat class of minerals in which 
silica acts as an acid, and which may be called 
silicates^ that most light is thrown on the other 
branches of mineralogy. Considered as an acid, 
silica forms several compounds of different degrees 
of saturation ; the most common are the silicates, 
or those Which contain one atom of silica, and one 
of base ; sometimes two or three atoms of silica 
combine with one of .base, forming respectively 
bisilicates and triplicates ; sometimes the' base is 
in excess ; for instance, two atoms of aluimina may 
combine with one atom of silica, in which case the 
compound is a subsilicate. The order of arrange- 
ment depends on the electro-chemical properties of 
the elements of which mineral substaiices^ are com- 
posed, proceeding from the most electro-negative 
oxygen, to the most electro-positive potassium; 
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but as we are yet only very imperfectly acquainted 
with the electro-chemical relations of the simple 
bodies, we must be contented with an approximate 
arrangement. 

. Berzelius divides simple bodies into three classes: 
Oxygen^ — simple combustibles not metallic^ — 
(which he calls metalloids,) and metals ; and they 
are distributed in each class, according to the order 
just mentioned ; which is a« foUow« :— r 



1. Oxygen. 


Gpld, 


2. Metalloids^ 


Rhodium^, 


Sulphur, 


Palladium, 


Nitric, 


Mercury, 


Muriatic Radical, 


Silver, ' 


Boron, 


Lead, 


Carbon, 


Tin. 


Hydrogen. 


Nickel, 


S. Metals. 


Copper, 


Arsenic, 


Uranium, 


Chrome, 


Zinc, 


Molybdena, 


Iron, 


Tungsten, 


Manganese, 


Antimony, 


Cerium, 


Tellurium, 


Yttrium, ' 


Silicium, 


Glucinum, 


Columbium, 


Aluminum, 


Titanium 


Magnesium, 


Zirconium., 


Calcium, 


Osmium, 


Strontium, 


Bismuth^ 


Barium, 


Iridium, 


Sodium, 


Flatina, 


Potassium. 



* The metals are subdivided into electro-negative, 
pr those whose oxides rather act as acids than as 
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bases, and electrp-p(witive, whose oxides act in 
preference as base; ; and the latter are again sepa* 
rated into two subdivisions, the first of which con- 
tains those metals whose oxides are reduced by^ 
charcoal in the common manner, and the se-* 
cond those whose oxides cannot be so reduced. 
The latter are the bases of the earths and alka- 
lies. 

Each of these simple bodies forms a minera- 
logical family, composed of the simple body, and 
all its combinations with other bodies which are 
electro-negative with respect to it ; that is, with 
those which, except in a few cases, stand above it 
in the preceding table. 

The families are divided into orders, according 
to the different dectro-negative bodies with which 
the electro-positive is combined. The orders are, 
for instance, 1. sulphurets; 2, carburets; 3. arse-, 
niurets ; 4. tellurets ; 5. oxides ; 6. sulphates ; 
7. muriates; 8. carbonates ; 9. arseniates ; 10. siti-L 
cates, &c. It is obvious that the nimiber of ordiei^ 
increases as we approach the positive end of the 
series. The orders, when not very extensive, may 
be simply divided into species, which, according 
to Haiiy's acceptation of the term, include those 
minerals that have the same compositicHi, with the 
same primitive farm; and the secondary forms 
which^a species may present, constitute the va- 
rieties. But if the order be very extensive, and 
contain a great number of species, they are first 
^separated into the following subdivisions : 1. salts 



\ 



composed of two ingredigafes, i)t simply salto; 
a, salts composed of three^grpdientSj or douWe 
salts ; 3. salts with ihnee or four bases, triple or 
quadruple 3alts. 

These subdiyisious may m their turn be, divided 
into genera, which comprehend all the OTiner^Js 
fa]cmed of the same ingredients, a^nd thesci genei^ 
again into species. 

In determining to what femily a mineral be- 
longs, somewhat different principles must be ob- 
served for the orders of combustible^ and (hvidgted 
hodies. 

For instance, if the mineral be a double (m: com- 
plex sulphuret, or arseniuret, &c*, it must be 
pJs^ed in the faniijy of the ele4^tro-positive ingre- 
digfltf of whi<;^ it contains the greatest number of 
npif)|eauleSj (»r if the number of each kind be equals 
iajlJie fanuly of the mo^t electro-positive. If it 
b^ ^ oxidated mineral, con^posed of two or more 
Ofjides, it must always be placed imder the moat 
§leCtrptpositive Oyvidct without any regard to the 
j^i^hex pf molecules. 

\; 5y attending to these two circumstances we obr 
t^i)}< ^ gre^t advantage of having minerals of 
anal^gpus cooaposition placed near each othqri and 
ijh^ :wWe of the great cla€f$i of double, triple, ^uoid 
^Yic^dfupl^ silicates, arrange^ under, the three or 
fonr h^t electro^positive wibsitafnces, lyhich t^mi- 
fmtfi th0 system* . 

^ .Eadb^ individual species is composed of the ssm^ 
irtgie(^epiifi ttWted iu the s^lUQ prflportftouft., Every 
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variation in those proportions, or the smallest nA* 
dition of any substance essentially belonging to 
the compound, produces a new species. Thus an- 
hydrous gypsum forms oiie species ; gypsum con- 
taining water of crystallization another: stilbite 
and chabdsie are separate species, notwithstanding 
the slight difference in the proportions of their 
ingredients. 

A mineral which contains a foreign mixture is 
placed under that species of which it has the most 
distinguishing characters, unless it assume the 
crystalline form of some other substance of which 
it contains but a few parts per cent. Thus imder 
carbonate of lime are placed all the crystallized 
mixtures of that species, which contain carbonate 
of iron, and of manganese ; but carbonate of iron, 
containing only five or six per cent, of carbonate 
of lime, is placed in the family of iron, although 
it seem to be moulded in the crystalline form of 
carbonate of lime. Were we in such cases t6 
attend only to the crystalline form, it would divert 
Us from the principle of the system, which is 
founded on the composition of the substance, 
whose true place we are looking for, and not on 
accidental circumstances, such as a foreign figure 
impressed on it by some unknown cause, &c. 

I shall subjoin in this place two of the examples 
of the arrangement of substances in families given 
by BerzeHus ; the first in the family of silver, the 
second in that of aluminum. They are rather 
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sketches to skew the method than perfect exam" 
pies. 

Family: Silver. 

First Order : Native silver ^ in all its varieties. 

Second Order : Sulphuret of silver. 

First Species: Bisulphuret of silver. 

Second Species : Sulphuret of silver^ antimony ^ 
andiron. 

Third Species : Sulphuret of silver and anti^ 
fifiony^ with oxide of antimony. 

Third Order : Antimoniurets. 
First Species : Sub-antimoniuret of silver (an- 
timonial silver). ^ 

Second Species : Subrtri-antimoniuret of silver. 

Fourth Order : Tellurets. 

First Species : Bitelluret of stiver^ with sex4el 
luret of gold (graphic gold). 

Second Species : jB27e//wre^ of silver ^ with bl- 
teliuret of lead, and tritelluret of gold (weisserz). 

Fifth Order : Aururets. 
First Species : Biaururet of silver (electrum). 
Second Species : Subaururet of silver (aurir 
ferous silver). 

Sixth Order : Hydrargyrurets. 
One Species : Bihydrargyruret of silver (nar 
tive amalgam). 
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Seventh Order : Carbonates. 
Ottfe Species : Carbonate of silver. 

Eighth Order : Chlorides. 
One Species: Chloride of silver. . 

The family of aluminum has no order belonging 
tp the combustible compoimds, nor perhaps any 
pure oxide, that is, alui^a in an uncombined 
state. For even in the saphire, there are three 
and a half per cent, of silica, and seven per cent, 
of that substance in the ruby, though, in both, it 
jpossibly may be an accidental ingredient. . 

Family : Aluminum. 
First Order: Sulphates. 

One Species : Subsulphate of alumina (native 
alumina from Halle and Newhaven). 

Second Order : Fluates. 

First Species : Subfluate of alumina (wavdr 
lite). 

Second Species : Fluate of alumina and soda 
(cryolite). 

Third Ordar : Fluo^silicates. 

One Species : Fluo-silicate of alumina (top^). 

I 

Fourth Order : Silicates. 

First Sub-division : Simple silicates. 
First Species : Silicate of, alumina (nqpheiine). 
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Second Species : Tri-sulhsilicate of alumina 
(coUjrrite). . 

Second Sub-division : Double silicates. 

First Genus : Silicates^ with base of glucina and 
alumina. 

Fitst Species : Bisilicate of alumina, with qua- 
drisilicate of glucina (emerald). 

Second Species : Its exact composition not de- 
termined (eudase). 

Second Genus: Silicates , with base of lime and 
alumina. 

First Species : Trisilicate of lime, with bisili- 
cate of alumina (mealy stilbite). ^ 

Second Species : Bisilicate of alumina and lime 
(laumonite). 

Third Spedes: Silicate of alumina and lime 
(vitreous paranthine). 

'Third Grenus : Silicate, with base of altmma and 
baryta. .\ 

One Species: Quadrisilicate of baryta, with 
bisilicate of alumina (harmotome). 

Fourth Grenus : Silicates, with base of soda and 
alumina. 

First Species : Trisilicate of soda, with silicate 
of alumina (mesotype). 
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- Second Species : Silicate of soda aftd atutnina 
(tounnaline apyre). *•- 

Fifth Genus: Silicates, with base of potassa and 
alumina. 

First Species: Trisilicate of alumina and po^ 
tassa (feldspar). 

Second Species : Trisilicate of potassa, with bi- 
silicate of alumina (meionite). 
' Third Species: Bisiticate of alumina and po^ 
tassa (amphigene). 

Third Sub-division : Silicates with triple, and 
quadruple bases. 

First Genus : Garnets with a triple base. 

. First Species : Bisilicate of protoa^ide of iron, 
silicate of protoxide of manganese, and silicate of 
alumina (garnet from Broddbo). 

Second Species : Same composition (garnet from 
Finbo). 

Third Species : Silicate of protoxide of iron 
0nd manganese f and silicate of lime and alumina. 

Second Genus : Different kinds of mica. 

First Species : Trisilicate of potassa, with sili- 
cate of peroxide of iron, and silicate of alumina 
.foliated mica). 

Second Species: Similar composition, but in 
different proportions (silvery mica). 

Third Species : Trisilicate of potassa, xvith si- 
5 
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ticaU of magnesia^ and alumina^ and iron (black 

IkoTKclhis culls those minerals, which, like most 
of tho rt)cks« consist of combinations, evidently 
tUm^iivilar oii mcxo inspection, mixed; when the 
^y^ cannot distinguish the dissimilar parts, and 
tht^y lurt^ w^i diaolocN^d dther by the fracture, <nr by 
i^Utilug Mul )M>Ii«hii|g the sui&c^ he considers 
Ihim a» Kavinit bom fkscd together, bat not as 
tdlH^^knU^r nuiltd. ^mrt or mmwujred wmeraU 
^^ ()H¥K^ x^tWi^ c«Mi$tikiKiit putts are united in such 
fM^^v^Mrli^v^ 4M 1^ fi«n trae dmnkal oompounds, 
m^ inimfit mimrmls odHtain onhr one element ; 
din^UMul is a simple minfinil^ emerald a pure un- 
luixtHl mineral. 

1 1 is the business of chemical anahras to discrimi* 
nate between mixed mincnls. and those wfaidi aie 
ehcmical c(Hnpounds,and this the atomic theoiyeDa. 
bles it satis&ctoiily to accomplish, at kast in most 
eases. It docs not fidlow, that because a min^al 
is crj'stalliied, it must be absolutely pure* Gnrs- 
tids often contain some porti<m of fiundgn matter, 
derived from the liquid from which they have sepa- 
rated, or from other causes ; in these cases, there- 
fore, not less than in those that are amorphous, 
we must apply the same theory to distinguish be- 
tween the real chemical compounds, and the 
foreign substances accidentally present. To this ^ 
end, the forces by which those compounds are 
formed, must lie kept in view. As these forces 
7 
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depend on the electrical polarities of thou combining ) 
particles, they can only unite in pairs, since tjj^re 
cannot be a third co-operating power. Sodium, 
an electro-positive body, combines with oxygen, an 
electro-negative body, and together they form a 
compound, in which their original polarities disap- 
pear. Sulphur in the same manner combines with V 
oxygen, and forms sulphuric acid. But though 
the original polarities be neutralized, those two / 
bodies, which must now be considered, respectively, 
as to their further combinations, as sole and eler \ 
mentary, are still electro-positive and electro-nega-- 
tive, with regard to each other ; hence they also 
are capable of uniting chemically, and the com- 
pound they form is not a triple union of sodiiun, 
sulphur, ^.nd oxygen, but a binary one of soda and 
sulphiuic acid. Again, this new body is capable 
of combining with water ; and the crystalUzed salt [ 
must, in like manner, be considered as a. binary 
compound of sulphate of soda and watert Sup- 
pose it were required to make a perfect analysis of 
crystallized alum, we must first separate the two 
ingredients of which it is immediately composed, 
anhydrous alum and water. These must next be 
separated, the latter into its elements, oxygen and 
hydrogen, the former into its immediate ingre- 
dients, sulphate of potassa, and sulphate of alu- 
mina, which again must be divided, each into its 
constituent parts, and so on to its ultimate ele- 
ments ; and all that applies to this example, applies 
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equally to every other body composed on the prin- 
cipals of inorganic nature, namely, binary com- 
bination. Hence, when we examine the results of 
the analysis of a mineral, and compare the weight 
of each of its ingredients with the weights of 
their respective atoms, we discover, if there be any 
of them, whether electro-positive or negative, for 
which a corresponding "one of the other order, 
either in an equal, or in some multiple, or sub- 
multiple proportion be wanting; in which case, 
such ingredient must be considered as accidental, 
^nd not as forming an essential part in the com<9 
position of the mineraL For instance, Hisinger's 
analysis of malacolite, gave him, 

SiKxja 54-18 

Lime , 22-72 

Magnesia 17*81 

Oxide of iron 2-18 

' Oxide of manganese. . 1*45 

Volatile matter . . 1-20 

99-54 

Here, three of the ingredients enter in large 
quantity into the composition of the mineral ; the 
others in very small quantity. It is natural to 
suppose, therefore, that the former are the true 
elements of the compound, and since silica acts as 
an acid in such combinations, that malacolite may 
be a true silicate of the bases, lime, and magnesia. 
To ascertain this, we must examine whether these 
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ingredidbts he iii sUch pe^lf(3ffii6TLiii Us lUre iiecessary 
te fattn thoMi dalts of Hot. The weight of sta 
at<nd(i of 

Sffidai6 ..:-........ 16 

Lime \ a^ 

M^eni^ • 20 

Now28:16::22-72:l^ 
And 20: 16:: 17-81: 14-214 

The quantity Of diliba which the liibe and mag- 
nesia reqtd]^ to fonn silicatdit, we thus find is 
27*24 ; but thut given by analysis is 54*18. Now 
this number is almost exactly double the fonna'y 
or within a trifling fraction just that quantity 
which the two bases require to form bisiUcates. 
This coincidence therefore justifies the conclusion, 
that malacolite is a bisiUcate of lime and mag- 
nesia, and that the iron and manganese are not 
essential to its composition, nor chemically united 
to the other ingredients. Having thus ascertained 
what are the true chemical elements of the mi- 
neral, we next inquire, how many of the atoms of 
each it may probably contain. The solution of 
this question is very simple. Suppose the propor- 
tions liad been by the analysis (disregarding the 
non-essential ingredients) 

Silica 55-43 

Lime 16-17 

Magnesia 2310 

and by the preceding method we had found the 

c 
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composition of the minaral to be as before a bisiH* 
eate of lime and magnesia, and the proportion of 
the former to the latter, as 34*67 : 60. The weight 
of an atom of bisilicate of Ume is (28 + 32) 60, 
and that of an atom of bisilicate of magnesia 
(20 + 32) 52, Therefore as 60 : 52 :: 34-67:30 = 4. 
of the quantity of bisilicate of magnesia. Con* 
sequently the most simple estimate of the compo- 
sition of the mineral will consider it as containing 
1- atom of bisilicate of lime + 2 atoms of bisilicate 
of magnesia. In the same manner the atomic 
constitution of all other minerals, however oom« 
plex, may be ascertained. 



INTRODUCTION 

BY 

THE AUTHOR. 



The subject of the work How offered to tiie 
public, is highly interesting to the practical chd- 
imist, the miner, and the mineralogist. It is k 
System of chemical experiments, made in the dry 
way, as it used to be called, and almost always on 
a microscopic scale, but which presents us in ati 
instant with a decisive result* 

In the analysis of inorganic substances, the use 
of the blowpipe is indispensable. By means of 
this instrument, we can subject portions of matter, 
too small to be weighed, to all the trials necessary 
to demonstrate their nature ; and it frequently even 
detects the presence of substances not sought for 
nor expected in the body under examination. The 
facility that it affords for (Uscovering the consti- 
tuent parts of metallic fossils, renders it equally 
indispensable to the miner, whose common pro- 
cesses are sometimes singularly disturbed by the 
occurrence of foreign substances in the minerals he 
operates on, and whose nature, for want of time or 
skill, he can but seldom ascertain by suflSciently 
elaborate and deliSate chemical experiments, but 
which the ready and convenient use of the blow- 
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pipe enables him to develope in a few seconds. To 
the mineralogist this, instrument is absolutely ne- 
cess^ry, as his only resource for immediately ascer- 
taining if the inferences he draws from external 
characters, such as form, colour, hardness, &c. 
be legitimate. In the following pages the series 
of results, to which researches of this kind are 
capable of leading us, are detailed. I have suc- 
cessively de«cril^d the phenomena which the vaiious 
subjects o£ the mineral kingdom present when wbr 
flitted to th^ test of the blowpipe, by experiments 
m^, a3 far as posisiblei on pure and well charac- 
terised ^specimens. I hare carefully pointed out 
the localities of the several minerals, whenever I 
suspected that differences ii^ their beds might lead 
to discrepandes in the results, in order that those 
4 discrepancies may be distin^shed from such as 
might arise from inaccurate observations recorded 
in this work. As to errors of this kind, I could 
not wholly avoid them, without multiplying my 
observations ; a^d the number of minerals which I 
had to examine was too great, to allow me to 
repeat in sufficient detail, all the experiments relat- 
ing to each individuaL 

X tiave quoted the names oi those persons to 
whom I am indebted fior the rarer substances, de* 
^<»to.Qf thus giving i^t onpe a guarantee of the 
accuracy of the mfeeralQ^cal nanjes I have adopted^ 
and of acknowledging the liberality with which 
th^y have supplied me with specimens of the rarest 
minerals foir my researches* I sei^ this oppoitur 



fiity tonentiw with gni^itiide thp n^roeB ^ VMay^ 
l^mmm, GiUet ^ Laumont, Brai)gi4^» Ar9cJtiMlt^ 

WbeQ we m^t with » la^m^ not muSciiptlf 
diitingiiiihed by its physi^ ch9ractmi» t^irf «f§ 
genextUy hut few kaoim {(m^ mtii whi^ it «m 
be confounded. If, therefo)^, we oORipmd l3loeiS»Ml» 
produced by the aoticMPt of the hl^wpi^ on ibe 
minerai in questioii^ wit)i the deocn^^is of WH^ 
Ic^us eflfeets on the BoiiiieFals which resemUe it» we 
fihall seldom fiul to aacertain the nature ^f tiie om 
we are op^^tiug on. As to <he metallie fomU^ 
nothing U easier. With the purely earthy luiuerab 
the result is not quite so decisive ; sim^, in experi- 
ments with the blowpipe, the precision of the m- 
«ult depends in general rather on diffa^ences iq the 
nature of the constituent parts of a mineral thaai 
on thi^ proportions. But ev^ in compounds 
which differ only in the relative quantities of their 
component parts, we often find such remarkable 
differences in their degrees of fusibility, or the 
phaiomena which they present when treated by 
the same flux, that the blowpipe h still sufficient 
to decide the question. 

As we are often mistaken respecting the nature 
of a mineral, when, considering only its external 
character, we disregard the phenomena which de^ 
pend on its chemieal compo»tion, so also, we jsel- 
dom iUQceed m d^;eimining it, if, neglecting the 
|prm^4 we rely wh<^y on the effects produced by 
the blowpipe. Those modem miner^ogists wlm 
2 
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think that m inorganic sublstance may always be 
known by its appearance, are compelled, in many 
cases, t9 have recourse to the blowpipe, (supposing 
them to have sufficient chemical knowledge to use 
it with advantage,) when they find themselves led 
into erwr by principles founded on vague percep- 
tions and imperfect data. 

A mineralogieal classification has been attempted 
founded on the effects of the blowpipe, as a means 
of ascertaining the genus and name of any minerd 
whatever^ on principles analogous to those which 
regulate the classifications of organic nature. 
Aikin's Mineralogy is a very ingenious attempt of 
this kind, and as a proof of the sagacity of its 
author^ I think it right to mention, on this occa* 
sion, that he has not confounded the kind of classi'» 
fication in question, with the systematic arrange* 
ment on which the science, properly so called, pro- 
ceeds. Now this the mineralogical school, which 
still prevails in Grermany, does, in attempting to 
mould the second on the first. However, I do not 
believe, that a classification of minerals, founded 
on the phenomena they present before the blow- 
pipe, sufficiently accomplishes its object to enable 
a person well skilled in the use of that instrument, 
but ignorant of mineralogy, to ascertain a mineral 
submitted to his examination. 

I have adopted the chemical system for the classi- 
fication of minerals in the following work ; and in 
certain places, as in the case of amphibole, pyroxene, 
and garnet, I have indulged in some theoretical 
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lemarks, founded on the consideration that pyrog*- 
nostic operations are the more interesting, in pro- 
portion as we are better acquainted with the nature 
of the bodies submitted to their test. 

Lastly, I have briefly shown how to determine, 
by the help of the blowpipe, the constituent parts 
of the stony concretions which form in the urinary 
passages. Being often consulted by medical men, 
as to their composition, I have been obliged to 
seek the shortest mode of obtaining a result. I 
now publish what I have learnt from experiment 
on the subject, in order to put the medical practi* 
tioiier in the way of making such analyses without 
the assistance of the chemist* 
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OF 

THE BLOWPIPE. 



JEWELLERS and other workers in metal on a 
ismall scale, avail themselves of the use of the blow* 
pipe, to direct the flame of a lamp on pieces, of 
metal supported on charcoal, so as to fuse the 
solder by which they are to be united. 

This instrument was long employed in the arts, 
before any one conceived the idea of applying it to 
chemical experiments^ performed in the dry way, 
as it is called. 

Bergman tells us, that the first person who so 
used it was Andrew Swab, a Swedish metallur- 
^st, and Counsellor of the College of Mines, about 
the year 1733. He left no work on the subject, 
and it is unknown to what extent he carried the 
researches he made with this instrument. Cron- 
stedt, who laid the foundations of mineralogy^ and 
whose genius so outstripped the age in which h^ 
lived, that he was unintelligible to his cotempo- 
raries, used the blowpipe to distinguish mineral 
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substances from one another, by the means of 
fusible reagents, whose action should produce such 
modifications on the objects to which they were 
applied, as might afford some conclusions respect* 
ing their composition, and serve as a basis for the 
classification he adopted. In his time the inter* 
course between men of science was by no means 
so open as at present ; the labours of one man 
were seldom communicated to his fellow labourers^ 
and each pursued his researches with no other help 
than the experience of the generation which had 
passed away, and become in some measure public 
property. At such a period, Cronstedt carried the 
use of the blowpipe to a d^ee of perfection that 
e^n only result from persevering industry ; but aa 
8%ht services in the cause of science were not as 
yet honoured with general attention, he who at 
first was afraid to make himself known as the 
author of that system of mineralc^ which has 
perpetuated his memory, still less thought of des- 
cribing in detail this new application of the blow- 
pipe, and the processes he adopted. He only pub- 
lished such results of his experiments, as might 
serve to distinguish minerals from each other, by 
affording characters peculiar to the dif&rent spe-^ 
cics.* 

Von Engestrom, who published an English 
translation of Cronstedt's system in 1765, annexed 
to it a treatise on the blowpipe, in which he par* 

■ The first edition of his work appeared in 1758. B. 
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ticularly noticed his (Cronstedt's) processes, as WeU 
as the principal results of their application to the 
minerals then known. This treatise did not ap^ 
pear till 1770/ and was translated and publish^ 
in Swedish, by Retzius, in 1773. This work at* 
tracted the general attention of chemists and mineiv 
alogists to the use of the instrument, who, however, 
derived at first little other advantage from it, than 
as a means of ascertaining the fusibility of bodies, 
and occasionally their solubility in glass of borax ; 
for the want of that skill in its application, which 
can only be derived from patience and practice, to-* 
gether with a sufficient knowledge of the phenol 
mena presented by the various substances used as 
fluxes for the bodies experimented on, prevented a 
just estimate being formed of its value, whilst the 
difficulties attending its use were abundantly evir 
dent ; and hence every where but in Sweden, the 
art of the blowpipe made but little progress. As 
in other practical sciences, books alone are '' weak 
masters'' to make adepts in this ; but they who 
had seen Gronstedt and Von Engestrom at work, 
learned to work like them, and transmitted their 
skill to their successors. Bergman went further 
than Gronstedt ; he extended the use of the blow^ 
pipe beyond the bounds of mineralogy, to the field 

> An Essay towards a System of Mineralogy, by Gronstedt, 
translated from the Swedish by G. Von Engestrom, revised 
and corrected by Mendes da Costa, London, 1770. B. The 
best edition is that by John Hyacinth de Magellan^ 2 vols. 
8vo. Dilly. 1788. C. 

B 3 



4 HISTOBY OF 

of inorganic chemistry ; in his hands it hecame an 
invaluable instrument for discovering very minute 
portions of metallic matter, in analytical researches. 
His work De Tubo Ferruminatorio was first pub- 
lished at Vienna, under the direction of D. A. 
Bom, in 1779.' 

Bergman, on account of his health, was assisted 
in his experiments by Grahn, who particularly ap- 
plied himself to the use of the blowpipe in his 
mineralc^cal studies, in consequence of the readi- 
ness with which it affords dedsive results. The 
operations which he performed under Bergman's 
inspection, who caused him to exsonine all the 
minerals then known, taught him how eadi indi- 
vidual conducts itself before the blowpipe. Assist- 
ed by the experience he thus acquired, he con- 
tinued to employ the instrument in every kind of 
chemical and mineralogical enquiry, whence he 
attained to such a degree of skill in its use, that 
he could detect the presence of substances in a 
body by its means, which had escaped the most 
careftil analysis, conducted in the moist way. Thus, 
when Ekeberg asked his opinion respecting the 
oxide of Columbium,^ then recently discovered, and 

> Tbe Engliflfa reader wiU find it in the second volume of 
Bergman's Physical and Chemical Essays, translated by Dr. 
Cullen, and published in London, 1788* C. 

* Oxide de Tantak. I have restored the original name 
given to this substance by its discoverer^ Mr. Hatchett, and 
the only one by which, in England at least, it ought to be 
distinguished. Mr. Phillips, in his excellent *^ Introduction 
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c^ whith he sent him a small specimen, Oahn im<- 
mediately found that it contained tin, although 
that metal does not exceed 1-lOOth of the weight 
of the mineral. Long before the question was 
started whether the ashes of vegetables contain 
copper* I have seen him many times extract with 
the blowpipe, from a quarter of a sheet of burnt 
paper, distinct particles of metallic copper. 

Gahn always travelled with his blowpipe, and 
the continual use which he made of it, led him to 
^veral improvements in its application ; he exa- 



to Minemlogy^'' also ascribes the honour where it is due, 
using the terms Columbium^ Columhite^ and YttrO'ColumbiieBB 
thegeneric^ and thoseof Tantaliteand Yttro-tantalite as their 
synonyms. Dr. Thomson, in the first volume of bis Chemistry, 
sixth edition, under the class of simple combustibles, heads 
his fifth section with ** Of Columbium, or Tantalum," and, 
havingshewn Mr. Hatchett's right to name the result of his own 
labours, immediately adopts the appellation bestowed on it by 
its subsequent discoverer, M. Ekeberg, the identity of whose 
Tantalum with Hatchett's Columbium was fully demonstrated 
by Dr. WoUastonin 1809. (Phil. Trans.) In his description of 
minerals, in the third volume, Dr. Thomson adopts TantalUe 
as the leading name, and gives '< Columbite of Hatchett" as 
its synonym. The confusion of terms in the first and second 
volume of that work, is diverting; e. g. ^^The mean of 
four experiments made by Berzelius, in which he oxidized 
determinate weights of Tantalum by means of nitre, gives 
the composition of Columbic acid as follows : Tantalum, 100," 
&c. vol. 1, p. 576. But we must add in justice, that Thom- 
son's Chemistry is a work, in spite of many carelessnesses, of 
high value. C. 
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mined a great number of reagent^, in order to find 
new methods of arriving at the knowledge of cap- 
tain substances, and the whole was imagined and 
executed with such sagacity and precision, that his 
results were entitled to the greatest confidence. 
He most readily and carefully instructed those who 
were desirous of information op the subject, but he 
never appears to have thought of publishing an 
account of his labours, nor has it been done by 
others.* 

I was so fortunate as to enjoy a familiar inter* 
course with this eminent man during the last ten 
years of his life. He spared no pains to impart to 
me all that |tii^ cotild from his knowledge and long 
experience, and I have strongly felt the obligation 
I then contracted towards the public, to perpetuate, 
as far as in me lies, the fruits of his labours. At 
my earnest request, he composed the most impor- 
tant parts of what I have published on the blow- 
pipe, and its use, in the second part of my Ele- 

'Mr. Professor Hausmann is the only person who has 
given an account, at any length, of the services which Gahn*s 
blowpipe has rendered to science, in a memoir inserted in 
the MineraUTaschenbuch de Leonhard^ for the year 1810. B. 
There is in the eleventh volume of the Annals of Philosophy, 
p. 40, an article ** On the Blowpipe ; from a Treatise on the 
Blowpipe, by Assessor Gahn, of Fahlun.*' The greater part 
of that treatise, together with some additional matter on the 
subject, may also be found in the appendix to my translation 
of the fourth volume of Thenard*s Chemistry, entitled an 
♦' Essay on Chemical Analysis," p. 374. C. 
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xtimts of Chemistry ;^ it i^ all th$t we have from 
him on the subject. He never wrote any memoirs 
tespecting the results of his experiments on mine* 
Tals, and when^ through age^ his recollection of the 
iacts he had obsa?ved began to fail him, he ofte^i 
insisted on the necessity of examining and care^ 
fully noting down the phenomena presented by 
different minerals when acted on by the blowpipe. 
At his desire, I undertook such an investigation, 
the results of which he proposed to criticise, his 
blowpipe in his hand, that where any discrepancies 
might exist, we should be enabled to detect their 
causes, and avoid all inaccuracy in the place as- 
signed to each individual substance. This scheme 
was frustrated by his unexpected death, an event 
that happened too soon, long as his life had 
been. 

In all the rest of Europe only one naturalist^ 
but he a most distinguished one, has applied him- 
self to the Btudy of the blowpipe and its uses,^ and 
submitted a large number of mineral substances to 

' Larbok i Kemien, 2 ; dra Delen. Stockholm^ 1812. p. 473^ 
et seq. B. It^ is to he regretted that we have no English 
translation of this work. Ite origin forbids a doubt of its 
value. C. 

» I cannot subscribe to this opinion ; for in this country 
alone it is well known there are many persons who have 
made great proficiency in the use of the blowpipe. One in 
particular, whom it is unnecessary to mention by name, is as 
eminently distinguished for his dexterity in managing this 
useful little instrument, as he is for the general accuracy of 
his condusioDS, and the sagacity by which he arrives at 
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iti ietst. TWs was H, de Sangsure, justly cel^HA- 
ted for hh gmgnostie re^eartbc^ on llie Alps of 
SwitJciTland. He, as well as Cnmstedt, employed 
it chiefly in dJjtinguUhing mineral^ and aldiougti 
he ina^le additicms and improveinexits on the sub- 
ject, he rants far behind Gahn in respect to the 
Kfultd^ which be obtdned with this iustrtunoit 



DESCBimON OF THE BLOWPIPE, 

The blowpipe commonly employed in the arts, 

■jDonsisti of a conical brass tube, about 13 inches 

llong, 3-8ths of an inch in dianietcr at the larger 

lid, and lm\dng an opening at the smaller of 

I father less than 1-1 6th of an inch. It is bent at 

[a right angle, at about an inch from the point, and 

in nwing it the large end is placed in the month, 

and the blast directed on the flame of a lamp by the 

Kniall end, (PL I, %* 1). In tlie arts it is seldom 

I accessary to continue the blast more than a minute, 

[ 80 that no inconvenience results from the vapour 

of the breath being condeuBed in the interior of 

the tnbc ; btit in chemical experiments, which often 

last a considerable time, this would become a 

tUcm, Had he thought it worth while to comtnunicate his 
knowledge oti the subject to the worid, the present work 
i^ould huv^ been as uauecessary as the asaertion h erro* 
neoui* C. 
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source of great annoyance. To obviate it, Cron- 
stedt placed toward the small end of the instru- 
ment, a hollow ball, intended to collect the con- 
densed vapour. This was a material improvement, 
but still had the inconvenience, that when held in 
a vertical position, the small end downwards, the 
water in the ball flowed into the beak, or small end 
of the instrument, and impeded the blast, or was 
projected into the flame.^ To remedy this, Berg^ 
man adopted a semicircular chamber of the size 
and form seen fig, 4. A, as the receiver to his 
blowpipe, inserting the long tube, a, into the neck, 
b ; and the beak, c, into the hole at the upper part 
of one side of the chamber at d. It is obvious that 
the water collecting in the lower part of the re- 
ceiver cannot find its way into the beak, c. Gahn 
gave his receiver the form of a cylinder, one inch 
long, and half an inch in diameter, as seen at 
fig. 5. In other respects, his instrument resem- 
bles Bergman's, and consists of four pieces, flf, b, c, 
d. The little jet, J, is fitted by grinding to the 

^ I believe it was Mr. Pepys who found a remedy for 
this grievance, equally simple and effectual, by producing the 
tube of the beak so as to project on the inside of the ball, 
through about half its diameter^ thus preventing any condens- 
ed water from passing out in that direction, at least till the 
ball is half full of it ; and this being made of two hemispheres 
united by a screw, it is taken to pieces and cleaned with little 
expense of time or trouble. Fig. 2. shows the appearance 
of this instrument when put together ; fig. 3. the beak with 
its hemisphere ; the dotted line shews the tube projecting on 
the inside. C* 
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extremity of the befik, c, and there should be twa 
or three of these jets with holes of different sizes^ 
to be changed as occasion requires. The advaii«> 
tage of Ghan's blowpipe over Bergman^s is owing 
ta the cylindrical shape of the receiver, which oc- 
cupies less space than the former, and to the l^igtb 
and oonical form of the neck, e, of the beak^ in- 
serted in the cylinder at y, which allows it to be 
poshed farther into the receiver, when worn by 
long use, and at aU times causes it to fit tight, and 
not be liable to fall out of its socket during an expe* 
ximent, — an inconvenience not unfrequent with the 
blowpipe contrived by Bergman. In my estimation 
Gahn's blowpipe is preferable to all others. In- 
stead of the straight beak, c, I employ a bent one, 
g^ when I have occasion to use the instrument for 
blowing glass; its rectangular elbow enables me 
to give it every possible direction with respect to 
the tube, a. As it is highly desirable, especially 
for the mineralogist, that the blowpipe should 
occupy the least possible space, and be very port- 
able, without, at the same time, losing any essen- 
tial quality, several chemists have endeavoured to 
obtain the limits of simplicity in its construction, 
— an object most effectually accomplished in the 
blowpipes of Tennant and WoUaston. 

Tennanf« blowpipe consists of a straight and 
very slightly conical tube, (pi. I. fig. 6. a, b.) 
tJosed at one end, at half an inch from which is an 
<^ening to receive the small bent tube, d^ which is 
fitted in by grinding, and may be turned in atiy 
4 
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direction required. When used, the beak of the 
gmall tube generally makes a right angle with the 
tube, ^, b ; when in its case, it lies parallel to it as in 
the figure. This instrument unites in a high de- 
gree every advantage that can be wished for with 
great simplicity; the water condensed from the 
breath flows to the closed end of the prmdpal tube 
without entering the beak. WoUaston's blowpipe 
is still more portable than Tennant's. It is com- 
posed of three pieces of the size and form repre- 
sented in AT, i, c. (pi. I. fig. 7.) and when the in- 
strument is not in use, the third piece is sheathed 
in the second, and the second in the first, so as to 
reduce its length to one half, and make it occupy 
no more space than a common pencil case. (See fig. 8.) 
The small end of a is fitted by grinding into the large 
end of by whose opposite extremity is closed, but 
near it is a small lateral opening, as seen at b^ 
%. 9. The beak, c, is closed at the large end, 
and has a very fine hole for the blast at the point ; 
it receives the piece, i, by a transverse opening, not 
perpendicular to its axis, but so inclined as to cause 
it, when the instrument is put together, to form 
with the main tube the convenient obtuse angle 
represented in fig. T. For portability, this blow- 
pipe far exceeds all others ; it packs with perfect 
convenience in one's pocket book, and if we add 
to it a slip of platina foil, and a small piece of 
borax, we are furnished at once with a sufficient 
laboratory for a great variety of operations, — iot 
the candle and charcoal may be found every where* 
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The length of a blowpipe, whatever be its fonn^ 
must depend on the eye of the operatcn*, and be 
such, that the body operated on may be at that 
distance from his eye at which he has the most 
distinct vision* 

Blowpipes are best made of silver, or tinned iron 
plate, the beak only being of brass. If the instru- 
ment be wholly of brass, it in time acquires the 
odour and taste of verdigris, — an inconvenience not 
entirely removed by making the mouth piece of 
ivory. The hands, too, if not quite dry, contract the 
same odour during the operation, especially if the 
blowpipe has not been used for some time, and was 
not well cleaned before it was laid by. Tin plate 
is not liable to this nuisance, and has, besides, the 
advantage of cheapness. When that material is 
employed, the joinings should be made air tight 
by inserting pieces of paper between them. Not- 
withstanding that silver is the best conductor of 
heat of all the metals, no inconvenience need be 
apprehended on that score, even in the longest 
operations. The small jets adapted to the extre- 
mity of the beak are a great improvement, for the 
extremity is liable soon to become covered with 
^oot, and the hole to be either blocked up, or lose 
its circular form, and it is necessary to clean it, 
and clear the opening with a small needle kept at 
hand for the purpose. This is an indispensible 
but troublesome operation. I have, therefore^ had 
these jets made of platina, each of a single piece, 
and when dirty I heat them red hot on a piece of 
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charcoal, which cleans them in an instant, and 
clears the hole without the assistance of any me- 
chanical agent. Silver would not answer the pur- 
pose, for^although we are ever so careful not to 
fiise it in the operation, it would crystallize as it 
cools after having been heated to redness, and be- 
come as brittle as an unmaUeable metal 

Glass blowpipes are certainly less costly and less 
liaUe to get dirty than those made of metal, but 
their brittleness and the fiisibility of their beaks 
are so serious inconveniences, that they should 
never be used but in cases of necessity.^ 

Attempts have been made at difierent times to 
construct blowpipes of greater facility in their ma- 
nagement than the one in common use. De Saus- 
sure fixed his to a table, so as to have his hands at 
liberty, whilst he regulated the blast by his mouth. 
I know no case in which much advantage is de- 
rived from this plan ; moreover, the variations in the 
sort of flame required in experiments with the 
blowpipe, depend on such slight changes in the 
position of the beak, that it is impossible to accom^ 
plish them with precision by the mere action of 
the mouth.* 

< In this country the blowpipes are generally made of brass, 
and> when well lackered, I have never been annoyed with the 
inconveniences Berzelius complains of. The mouth- piece 
should be of silver^ and the beak of platina ; were it not for 
the expence, the whole instrument were better made of pla- 
tina. C. 

^ These expedients are like the various devices for lathes 
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It i$ generally supposed, that 'to use the blow* 
pipe is a difficult operation, that it requires great 
pulmonary exertion, and may be injurious to the 
health. Partly for this reason, and partly for want 
of skill to keep up a continued blast without incon- 
venience, various contrivances have been hit upon 
to supersede the blowing with the mouth. Such 

and tools for gentlemen turners and carpenters, who waste 
their time and cut their fingers in ineffectual attempts to 
make a box worth sixpence, with an apparatus that cost a 
hundred pounds. The skilful workman needs no such aids, 
and the operator with the blowpipe will do well to render 
himself independent of them at once. However, as some 
readers may be of a different opinion, and as in a few cases 
where an unusually large flame is required the instrument 
may be useful, I annex a figure of the best form that I hare 
met with, for a blowpipe on that construction. I do not 
know who is the author of the invention, a, (fig. 10^ pi. I.) 
is a rectangular copper box, 2| inches long, 1 inch high, and 
■I- of an inch wide, which is fixed on a board by a screw 
passing through the foot-plate, b; c is a tube projecting 
from the top of the box, to which one end of a flexible 
tube is adapted by a brass socket. The flexible tube is ter- 
minated at its other end by an ivory mouth-piece^ and is of 
such a length, as to be conveniently applied to the mouth 
of the operator ; d is another projecting tube, to which the 
beak^ Jl gy is adapted ; and e is a third projecting tube 
(closed with a cork) for the purpose of pouring off the con- 
densed water that collects in the box, a. The beak is made 
in two parts, j^ and g^ (fig. 11^) the large end of y* fitting on 
the projecting tube> d^ and g^ in like manner, fitting on the 
small end ofyi By this means a double rectangular motion 
is obtained, which allows the beak to be presented in any 
position to the flame of the lamp, /• All the parts that have 
motion are well fitted together by grinding. C. 
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are those of Ehrmann, K6hler, Meusnier, Achaid, 
Marcet, Brooke, and Newman, by means of whidi 
the highest degrees of heat are produced, on a small 
scale, by an artificial blast of atmospheric air, or 
oxygen gas ; but as the use of these instruments has 
no connection with our subject, I shall abstain from 
further notice of them.^ 

^ I shall not : f«r in a work especially devoted to llie 
blowpipe, some account of every important instrumeDt shouldf, 
ra my estimation, be included; and although, in some respects, 
Brooke's or Newman*s blowpipe (for it is but one instna- 
ment) is not calculated for mineralogical experiments, ia 
ethers it is highly usefuL Indeed, when used with atmos- 
pheric air, it may be applied to all mineralogical purposes^ 
though still with less advantage than the common blowpipe 
in skUfid hands. But when filled with a condensed mixture 
ef oxygen and hydrogen gases, in the proportions requisite 
to form water, one essential character, the fusibility^ «r ki- 
fusibility of different substances, as determined by the com- 
mon blowpipe, disappears before the intense heat produced 
by this, which levels all bodies to one general class of fiasible 
substances ; though very evident differences are still observ- 
able in X\ie facility with which different bodies are reduced to 
the state of fusion. In return, too, for the character which i« 
thus lost, we gain a new one in the appearance of the, other- 
wise infusible, body, after it has been melted. For these 
reasons, a description of the instrument seems desirable, and 
a figure of it may be considered as a good substitute for the 
plan of a red morocco case, to hold mineralogical instru- 
ments, and the piece of furniture, which occupy the fourth 
plate in the original volume. This apparatus was first made 
at the desire of Mr. Brooke, by Mr. Newman, of Lisle-street. 
An accident that occurred to Dr. Clarke^ by the explosioa 
of the reservoir, and which bad nearly been attended with 
serious consequences, occasioned several attempts at its im- 
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Hassenfratz srapplied his blov^ipe with air by 
means of a pak of bellows worked by the feet, 

provement, especially with regard to safety ; the most perfect 
of which is the trough represented by fig. 4, pi. II. It was 
suggested by Mr. Professor Gumming, of Cambridge, a, 
(fig. ly pi. II.) is the reservoir made of sheet copper, 5^ inches 
long^ 3 inches wide, and 3 inches liigh ; b, a syringe connect- 
ed by a couple of stop-cocks, c, to the reservoir; d^ is the 
head of the trough (or safety apparatus), fitting in its place 
by a screw, perfectly air tight : the trough is inserted in the 
reservoir, in the direction of the dotted lines, and descends 
to the bottom : it is represented, on a large scale, at %. 4. ; 
e, a stop-cock proceeding from the head d, and/i its jet 
fixed to it by the ball and socket joint g. When the instru- 
ment isused^ its parts are to be put together, as in fig, 1. 
and the reservoir exhausted, by working the piston of the 
syringe, b. The stop-cocks must then be closed, the syringe 
with the upper stop cock taken off, and the syringe alone 
placed in the upright position shewn at fig. 2. The blad- 
der, h, containing the gases, must then be connected by the 
screw socket, ^,'and its stop- cock, with the syringe. The 
syringe stop-cocks are now to be opened, when the gases will 
issue from the bladder and fill the reservoir. The head of 
the trough is then to be unscrewed by the key, (fig. 3.) and 
oil poured in^ to about half an inch above the lower screen 
of wire gauze, (see fig. 4.) and the head again screwed tight 
in its place. The' gases are next to be condensed into the 
reservoir^ by working the piston of the syringe as before, and 
all the stop-cocks being now shut^ the apparatus is ready for 
use. 

During the whole time the jet is burning the oil will be 
heard to play in the trough. If the current be inflamed, and 
the instrument abandoned to itself, the jet will go on burn^ 
ing until the expansive force of the atmosphere within the 
box is no longer efficient to propel a stream with the re^ 
quired rapidity through the tube; at this time the inflamma- 
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after the manner of the enamellers, and Nasen em- 
ployed for the same purpose a bladder filled with 

tion will pass backwards, unless the tube be very fine, and 
will fire the small quantity of mixture in the upper part of 
the trough, and then its effects will cease, the atmosphere 
in the reservoir remaining as before. When, however^ the 
regular use of the instrument is required, it is better to shut 
the jet-coek before the atmosphere is quite out^ and condense 
in a fresh portion of the gas. 

Attention should be paid to the quantity of oil in the trough 
—it should cover the gauze, but not .to too great a height ; if 
there be too much oil, it is possible that the agitation caused 
by the passage of the gas through it, may throw a drop or 
two through the gauze above^ against the inner orifice of the 
jet tube, which would cause a sputtering in the flame. 

The oil should be emptied out from the trough when the 
apparatus is laid by. Fig. 4*. is a section of the trough and 
part of the reservoir, drawn on a large scale, in order to 
render its construction more distinct. 

A.A.A. is the reservoir. B.B. a brass tube (the trough) 
closed at the bottom, and fixed air tight into the reservoir. 
C. is a ^all tube in the interior of the reservoir ; its upper 
orifice is^ covered with fine wire gauze, and reaches nearly to 
the top of the reservoir ; its low%r orifice is inserted into the 
bottom qf the trough ; four holes are made from the trough 
into the tube, and open a communication to the gases in the 
reservoir : a drcular flat valve, D, lined with oiled silk or 
leather, and moveable on a central pin, £, covers these holes, 
and prevents the passage of any thing from the trough into 
the reservoir, F, a fine wire gauze intersecting the trough. 
The head of the trough (d. fig. 1.) contains a small chamber, 
G. communicating by a fine tube with the interior of the 
trough, just below the orifice of which isa second piece of very 
fine wire gauze, M. The stop^cock, H, connects the head 
with the jet, having a circular motion by the ball and socket 
joint, I, to which various tubes, as K, may be adapted. The 

C 
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atmospheric air, which he compressed between his 
knees, with a force proportionate to the blast re- 
quired. When empty, it was filled again by the 
mouth through a separate tube, furnished with a 
stop-cock and fitted to the bladder. 

By these pretended improvements, motions more 
or less troublesome have been substituted for a slight 
exertion of the muscles of the checks, and their 
inventors have demonstrated by their very con* 
trivances that they did not know how to use the 
blowpipe; they might as well have proposed to 
play on a wind instrument with a bladder. Our 
conclusion must be, that all apparatus of this kind 
is perfectly useless. 



OF THE COMBUSTIBLE. 

Every kind of flame, provided it be not too 
small, is calculated for experiments with the blow^ 

line at L marks the height to which the oil should rise ia 
the trough. For further security, Mr. Newman informs ma, 
that he puts several pieces, to the number of twenty or thirty, 
of very fine wire gauze, between the stop-cock, H, and the 
ball and socket joint, I^ and the end of the reservoir nearest 
the syringe is made weaker than any other part, so that if an 
explosion should happen in the reservoir, it will yield in that 
part rather than in any other. With these precautions, the 
instrument may be considered (provided there be no fault 
in its construction, and every thing in good order), perfectly 
secure. C. 
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pipe, whether it be that of a tallow or wax candle, 
or of a lamp. Engestrom and Bergman employed 
in preference common wax candles, furnished with 
a good cotton wick, which Bergman recommends 
to be bent, after snuffing, in the direction in which 
the flame is to be impelled. Candles however have 
this inconvenience, that the radiant heat from the 
substance under examination melts the tallow or 
wax, and occasions them to bum away too fast; and, 
besides, common candles do not always furnish suffi- 
cient heat. Gahn substituted at first for the single 
candle three small wax candles with thick wicks, 
which he placed together, but he afterwards re- 
jected these for a lamp furnished with a large wick, 
and fed with olive oil. Lamps are certainly pre- 
ferable to candles, though inconvenient in travel- 
ling, from the danger of the oil getting out. That, 
however, may easily be remedied by a brass cap 
made to screw over, or rather into the projecting 
piece (for the screw is best in the inside) through 
which the wick passes, and fiunished with a 
washer of leather (previously soaked in melted 
wax), which, when the cap is screwed home, presses 
firmly on the rim of the projecting piece, and 
effectually prevents the escape of any oil from the 
lamp.^ The best fuel for the lamp is olive oil. 



«In point of form that represented at L (pi. I. fig. 10.) 
is the most convenient that I am acquainted with. It is 
made of copper, tinned both inside and out, and of the size 
drawn in the figure. C. 

C 2 
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When we wish to heat a small matrass, or 
glass tube, a spirit lamp is preferable to the oil 
lamp. It should have a ground glass cap fitted to 
the neck of the lamp and covering the wick, to 
prevent the evaporation of the spirit when not in 
use. 



OF THE BLAST AND FLAME. 

The organs of respiration are not called into 
increased action in using the blowpipe ; they could 
not keep up a continued blast, and such an eflFort 
would in time be injurious. It is the cheeks 
which perform the office of a pair of bellows : the 
mouth is filled with air, and by the contraction of the 
muscles of the cheeks it passes into the blowpipe. 
This operation, simple as it seems, is difficult at 
first, from the habit of exerting all the muscles 
concerned in respiration when we blow. It is a 
difficulty like that which a man experiences when 
he endeavours at the same time to tiun his right 
arm and right leg in opposite directions. A little 
wearisome practice, therefore, is necessary to get over 
the custom of bringing the muscles of the chest into 
action with the muscles of the cheeks. The first 
thing to be attended to, is to keep the mouth ftdl of 
air, during a pretty long alternation of inspira- 
tions and expirations ; next, we must consider that 
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there is a small opening between the lips, by which 
the air escapes, so that the cheeks would collapse 
by degrees, if the breath from the lungs were 
cut off from entering into the mouth. Now, to 
fill the vacuum which is thus formed, at the 
moment of expiration we admit a portion of air 
into the cavity of the mouth suflGicient to renew 
the distention of the cheeks. Thus the air in the 
mouth is always in an equal state of compression, 
and escapes with uniform velocity through the 
little orifice. Such is the mechanism of the ope- 
ration in which the art of using the blowpipe con- 
sists. We may add, that the current of air which 
escapes by the beak of the instrument, is commonly 
so minute, that it is not necessary to fill the cavity 
of the mouth at each expiration.^ This operation, 
though somewhat difficult at first, soon becomes 
easy by practice, and at length is performed with- 
out occasioning the least distress to the respiration. 
The only inconvenience that remains, when once 
arrived at that point, is a lassitude in the muscles 
of the cheeks, arising, independently of want of 
practice, from the beginner's generally pressing the 
mouth piece of the blowpipe more strongly than is 
necessary between his lips, and not sufficiently 
economizing the blast. 

Having accomplished the first object of keeping 
up a steady blast, the next is to produce a good 

' In fewer words, the operator must breathe through his 
nostrils, and blow with his mouth by the mere compression of 
the cheeks. C. 
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heat, which requires some knowledge of flame, and 
of its different parts. If we attentively consider 
the flame of a candle, we may remark several iin* 
equal divisions in it, of which four may be distin^ 
guished. Plate II. fig. 5, r^resents the flame of 
a candle in its usual form. We see at its base a 
small part, «, c, of a dark blue colour, which be- 
comes thinner as it gets farther from the wick, and 
disappears entirely where the external surface of 
the flame ascends perpendicularly. In the middle 
of the flame is a dark place, a, </, seen through its 
brilliant covering. This space encloses the gases 
which issue from the wick, which, not being yet in 
contact with the air, cannot undergo combustion. 
Round this space is the brilliant part of the flame, 
or the flame properly so called ; and lastly, beyond 
this, we may perceive by attentive inspection the 
outer covering of all, c, e, slightly luminous, and 
whose greatest tliickness corresponds with the sum- 
mit of the brilliant flame. It is in this outer part 
that the combustion of the gases is completed, and 
the heat the most intense. If we introduce a fine 
platina or iron wire into the flame, we see that the 
point of the wire where the ignition is most vivid, 
is situated on the confines of the brilliant flame, 
and in the external covering. If the wire be very 
fine, its real diameter appears singularly magnified, 
and this apparent enlargement (which is a pheno- 
menon of radiation of the same kind as that pre- 
sented by the fixed stars, when we ascribe appre- 
ciable diameters to them), increases as we approach 
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the Upper boundary of the blue flanfe, so that this 
zone of tr^isition, where the air, as yet retaining 
its full dose of oxygen, begins to meet the flame, 
is the place of the maximum of heat. This being 
granted, if we direct a current of air by the blow- 
pipe into the middle of the flame (pi. II. fig. 6), a 
long narrow blue flame, ^, c, appears before the 
opening in the beak, which is the same as a^ c, in 
%. 5, but its relative position is changed; instead 
of surrounding the flame it is now concentrated 
within it, where it forms a small cylinder. Toward 
the anterior extremity of this blue flame is the 
place of greatest heat, just as in the flame not 
acted on by the blowpipe. But whilst in the latter 
this place had the f(»rm of a zone, or circumference 
of a circle, it is now reduced to a point incompar- 
ably hotter, and capable of fusing or volatilizing 
substances on which the flame in its common state 
has no sensible action. This enormous increase of 
temperature arises from the blowpipe throwing a 
condensed mass of air, which before only touched 
the surface of the flame, and spread itself freely 
about every part of it, on a small space situated in 
the middle. The change effected is somewhat the 
same, as if the flame had been turned inside out. 
On the other hand, the remaining portion of the 
bright flame which here surrounds the blue, pre* 
vents the loss of the heat produced.^ 

'We are indebted to Sir Humphry Davy for correct 
notiom respecting flame. In the course of the experiments 
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. Long practice is necessary to distinguish with 
certaiuty the maximum of heat, seeing that differ- 



which led to the invention of his safety lamp (that glorious 
triumph of science over destruction), he successfully invest!* 
gated the nature and properties of flame. He showed that 
flame (which he defines to be gaseous matter, heated to such a 
degree as to be luminous), in all cases, must be ** considered 
as the combustion of an explosive mixture of inflammable gaSf 
or vapour, and air, for it cannot be regarded as a mere com- 
bustion at the surface of contact of the inflammable matter ; 
and the fact is proved by holding a taper, or a piece of burn- 
ing phosphorus, within a large flame made by the combust 
tion of alcohol ; the flame of the candle, or of the phospho- 
rus, will appear in the centre of the other flame, proving 
that there is oxygen even in its interior part." (Davy on the 
Safety Lamp, &c. p. 46.) He showed that a very high tem- 
perature (but differing in degree for different explosive 
mixtures, in some inverse ratio of their inflammabilities, or 
of the heat they evolve in combustion) is necessary for 
these successive explosions to take place. '* If a piece of wire 
gauze sieve is held over the flame of a lamp, or of coal gas, 
it prevents the flame from passing it;" "the air passing 
through is found very hot, for it will convert paper into charr 
coal ; and it is an explosive mixture, for it will inflame if a 
lighted taper be presented to it, but it is cooled below the 
explosive point by passing through wires even red hot, and 
by being mixed with a considerable quantity of air compa- 
ratively cold;' (P. 47.) 

He showed that the heating effect of explosive mixtures 
depends on their containing such relative proportions of in- 
flammable gas and oxygen, as to ensure the perfect combus- 
tion of all the inflammable matter whilst in its gaseous state, 
but that a high degree of illuminating power results from 
an opposite cause, namely, the *^ decomposition of part of 
the gas towards the interior of the flame where the air is \n 
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cnt bodies have diflferent modes of ignition, and 
that we are easily deceived by the light which they 

smallest quantity, and the deposition of solid charcoal, whichi 
first bj its ignition, and then by its combustion, increases in a 
high degree the intensity of the light." (P. 50.) Hence the 
feeble pale coloured light when a safety lamp is burnt in a 
very explosive mixture of coal gas and air, and the brilliancy 
of the flame of a stream of coal gas burnt in the atmosphere^ 
as he proved by the following experiments. '^ I held a piece 
of wire gauze^ of about 900 apertures to the square inch, 
over a stream of coal gas issuing from a small pipe, and in- 
flamed the gas above the wire gauze, which was almost in 
contact with the orifice of the pipe, when it burned with its 
usual bright light. On raising the wire gauze, so as to cause 
the gas to be mixed with more air before it inflamed, the 
light became feebler ; and, at a certain distance, the flame 
assumed the precise character of that of an explosive mixture 
burning within the lamp ; but though the light was so feeble 
in this last case, the heat was greater than when the light 
was much more vivid, and a piece of wire of platinum held in 
this feeble blue flame became instantly white hot. 

'< On reversing the experiment by inflaming a stream of coal 
gas, and passing a piece of wire gauze gradually from the sum- 
mit of the flame to the orifice of the pipe, the result was still 
more instructive, for it was found that the apex of the flame^ 
intercepted by the wire gauze, afforded no solid charcoal ; 
but in passing it downwards, solid charcoal was given off in 
considerable quantities, and prevented from burning by the 
cooling agency of the wire gauze ; and at the bottom of the 
flame, where the gas burnt blue in its immediate, contact 
with the atmosphere, charcoal ceased to be deposited in visi- 
ble quantities. 

** This principle of the increase of the brilliancy and density 
of flame by the production and ignition of solid matter, ap- 
pears to admit of many applications. 

M It explains readily die appearances of the different parts 
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emit To attain this maximum we must neither blow 
too strongly nor too gently : in the first case, the 

of ihe flames of burning bodies, and of flame urged bj the 
blowpipe ; the point of the inner blue flame where the heat 
is greatest, is the point where the whjole of the charcoal is 
burnt in its gaseous combinations without previous deposi- 
tion/' (P. 50, 51.) 

At p. 54. Sir Humphry adds, ''whenever a flame is remark* 
ably brilliant and dense, it may be always concluded that 
some solid matter is produced in it : on the contrary, when a 
flame is extremely feeble and transparent, it may be inferred 
that no solid matter is formed. 

** The heat of flames may be actually diminished by in« 
creasing their light (at least the heat communicable to oUier 
matter), and vice versa. The flame from combustion which 
produces the most intense heat amongst those I have examin- 
ed^ is that of a mixture of oxygen and hydrogen in sl^fat 
excess, compressed in a blowpipe apparatus, and inflamed 
from a tube having a very small aperture. This flame is 
hardly visible in bright day-light^ yet it instantly fuses very 
refractory bodies ; and the light from solid matters ignited 
in it, is so vivid as to be painful to the eye." (P. 55^ 

** The form of the flame" (of a common candle for in- 
stance) *' is conical, because the greatest heat is in the 
centre of the explosive mixture. In looking stedfastly at 
flame, the part where the combustible matter is volatilized is 
seisn, and it appears dark, contrasted with the part in whieh 
it begins to burn, that is, where it is so mixed with air as ta 
become explosive. The heat diminishes towards the top of 
the flame, because in this part the quantity of oxygen is 
least. When the wick increases to a considerable size 
from collecting charcoal, it cools the flame by radiation, and 
prevents a proper quantity of air from mixing with its central 
part ; in consequence^ the charcoal thrown off from the te|^ 
of the flame is only red hot, and the greater part of it escapes 
unconsumed." (P. 102). 
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heat is carried off as soon as produced by the impe- 
tuosity of the current of air/ and besides a part of 
the air escapes without assisting the combustion ; 
in the second, sufficient air is not supplied in a 
given time, A very high temperature is necessary 
whether we wish to try the fiisibility of a body, 
or whether we have to reduce certain metallic 
oxides, which part with their oxygen with difficulty, 
as the oxides of iron and tin. But our pyrognostic 



The internal structure of flame has been neatly exhibited 
by Mr. Oswald Sym, by dissecting it perpendicularly to its 
axis^ by means of wire gauze held horizontally across it. The 
inference he dravTS from his expeniment is, that the entire 
flame is a hollow substance, that " the actual combustion is 
confined to the surface, and that the internal part is filled 
with volatilized wax. In short, the flame of a candle is an 
elliptical bubble." Some of Mr. Sym's conclusions have 
been called in question by Mr. Porrett, particularly his asser- 
tion that " flame is an opake substance ;" but this note is al- 
ready so long, that I can only refer the reader who may wish to 
pursue the matter farther^ to those gentlemen's papers in the 
Annals of Philosophy, the first in vol. viii. p. 321, the second 
in vol. ix. p. 337. C. 

' Perhaps the explanation may be more satisfactory 
in the words of Sir Humphry Davy. <' A large quan* 
tity of cold air thrown upon a small flame lowers its heat 
beyond the explosive pointy and in extinguishing a flame by 
blowing upon it the effect is probably principally produced 
by the same cause.'' (Safety Lamp, p. 46.) 

The injurious eflect of blowing too strongly, may, I con- 
ceive, rather be owing to the extinction of a portion of the 
flame, in the manner above mentioned, than to the heat being 
carried off as soon as produced, by the impetuosity of thc^ 
current. C. 
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operations are not confined to obtaining the high- 
est possible temperature ; other phenomena must 
be produced which require a less intense heat. 
These are, oxidation and reduction, which are 
both easily affected, although diametrically the re- 
verse of one another. 

Oxidation ensues when we heat the subject 
under trial before the extreme point of the flame, 
where all the combustible particles are soon satu- 
rated with oxygen; the farther we recede from 
the flame, the better the oxidation is effected (pro- 
vided we can keep up suflicient heat) ; too great a 
heat often produces a contrary effect, especially 
when the assay is supported by charcoal. Oxida- 
tion goes on most actively at an incipient red heat. 
The opening in the beak of the blowpipe must be 
larger for this kind of operation than in other 
cases. 

For reduction, a fine beak must be employed, 
and it must not be inserted too far into the flame 
of the lamp ; by this means we obtain a more bril- 
liant flame, the result of an imperfect combustion, 
whose particles, as yet unconsumed, carry off 
the oxygen from the subject of experiment, which 
may be considered as being heated in a species of 
inflammable gas. If in this operation the assay 
become covered with soot, it is a proof that the 
flame is too smoky, which considerably diminishes 
the effect of the blast. Formerly, the blue flame 
was considered as the proper one for the reduction 
^f oxides, but this idea is erroneous ; it is in reality 
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the brilKant part of the flame which produces 
deoxidation : it must be directed on the assay so 
as to surround it equally on all sides, and defend it 
from the contact of the air, 

I repeat, it is the combustible atmosphere, in 
which the assay is immersed, that most powerfully 
promotes its reduction ; for that produced by the 
charcoal, at its point of contact with the oxide, takes ' 
place as well in the exterior as in the interior flame. 

The most important point in pyrognostic assays 
is the power, easily acquired, of producing at mil 
either oxidation or reduction. Oxidation is so 
easy, that one need merely be told how it is to be 
done, to be able to do it ; but reduction requires 
more practice, and a certain knowledge of the dif- 
ferent modes of conflagration. A very advantage- 
ous mode of practice, in order to acquire the art of 
making a good reducing flame, is to fiise a small 
grain of tin, and raise it to a reddish white heat on 
a piece of charcoal, so that its siuface may always 
retain its metallic brilliancy. Tin has so great a 
tendency to oxidation, that the moment the flame 
begins to become an oxidating one, it is converted 
into an oxide of tin, which covers the metal with 
an infiisible crust. We must begin by operating 
on a very small grain, and gradually proceed to 
larger and larger. The greater the quantity of 
tin that he can thus keep in the metallic state, at 
a high temperature, the more expert is the operator 
in his art.^ 

'If a red hot grain of metallic tin be thrown on a paper 
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Charcoal. — ^The snfastanee to be ezammed by 
the Uowpipe miut munuuily lest oo a sdid body, 
or be fixed m some manner in a steady poation. 
The best support is diareoaL The wood of a 
sound well grown pine tree, or light woods in 
general are preferable. The diartoal of the fir 
tree is liable to crackle and scintillate, and to scatter 
the assay.^ The charcoal of haid compact woods 
gives so much ash, and that ash is sometimes so 
femiginons, that it should never be employed but 
for want of better ; for this reason, beedi and oak 
are not fitted for the purpose. I have never yet 
had an opportunity of trying box-wood cfaarcoaL 
(rahn always conceived that it would be the best 
of all for blowpipe experiments, but he seldom had 
the choice of any other than our pino-wood coal. Of 
the various kinds which I have tried in countries 
where those above mentioned are not found, it ap- 
peared to me, that the charcoal of white willow, or of 
the willow species in general, was the best ; but I still 
prefer that from the mature pine, cleft in the direo* 
tion of the f^rairi,'^ which may be divided by the saw 
into long parnl(.*Ilopipcdons, and cleaned by simply 

tray, it will divirfo into several smaller grains, which skip 
about the paprr iind burn with a very vivid light. B. 

< I shall fur brrvity generally use this term to denote the 
lubjoct of oxporimont. C 

>**D6bitit^ droit fil/' 
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blowing off the dust. In order to fix the flux to 
a point on the surface of the support, one of the 
ends perpendicular to the layers of the wood is to 
be chosen for its receptacle ; if placed on the sec- 
tion parallel to the layers, it would spread over the 
surface. Although the space between the woody 
layers may consume faster than the layers them- 
selves, there is this advantage attending it, that 
the assay rests in that case merely on their summits, 
and thus often has only two or three points of 
contact with the charcoal. 

It is almost needless to observe, that the char- 
coal we use must be well burnt : that which splits, 
smokes^ or bums with flame, is unfit for the pur- 
pose. Gahn had an idea that the charcoal which 
sometimes descends in our graduated furnaces 
(foumeaux graduees) down to the air hole, without 
consuming, would be better than any other for 
blowpipe experiments, because, having lost a por- 
tion of its combustibility, it ought not to bum 
away so fast. I, in consequence, collected a quan- 
tity of this charcoal. It was heavier, and more 
compact than common charcoal, and at the same 
time very difficult to bum ; but I was surprised to 
find that I could not obtain so high a heat with it 
as with the very combustible coal I usually em- 
ploy. I at first supposed this difference to arise 
from the radiant heat (which in common char- 
coal flows from the ignited part near the assay), 
being essential towards raising the temperature ; 
but I soon discovered my mistake, when on taking 

2 
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hold of my new support, at a part very remote 
from the heated point, I found it so hot that I wad 
obliged to let it go. Charcoal, therefore, in acquir- 
ing hardness, becomes a good conductor of heat, 
and the denser it is the better it conducts it : this, 
perhaps, is the reason also why it bums so slowly ; 
hence we see that it is unfitting for experiments 
with the blowpipe.^ 

Platina. — In those ca«es where the reducing 
eflFect of charcoal would be injurious, a support of 
platina is employed, sometimes in the form of a 
spoon, sometimes in that of thin foil or wire. 

Platina Spoons. — Gold and silver spoons were 
formerly used when a mineral was to be fused with 
soda, but being liable to be melted, platina spoons 
have been substituted for them. These, however, 
are become quite superfluous in experiments with 
the blowpipe, since it has been found that mineral 
substances may be heated with soda or charcoal, 
better than on any other kind of support. Besides, 
the size of the spoon^ prevents our obtaining the 

« The best charcoal that I know for the use of the blow- 
pipe, is that which is made from alder^ and is employed by 
the English manufacturers in making the coarser kinds of gun- 
powder. It is light, but sufficiently compact, extremely even 
in its texture, and, when well burnt, neither smokes, splits, nor 
scintillates. Straight pieces, and free from knots, should be 
selected. Box-wood charcoal is not eligible; its density 
renders it too good a conductor of heat, and it is very apt to 
split ; besides, it is not easy to obtain it in pieces of sufficient 
size. C. 

^ By making the spoon of very thin foil, this objection 
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very high temperatures, which are often neces- 
sary. 

Platinafoil. — 'Wollaston substituted very thin 
platina foil, cut into slips about two inches long 
and half an inch wide, in the place of spoons. This 
foil, from its thinness, may be intensely heated, 
and when we wish to heat and oxidate at the same 
time, the flame is to be directed against the lower 
siuface. Platina is so bad a conductor of heat, 
that the slip of foil may be held in the fingers by 
one end, whilst it is red hot at the other. Sub- 
stances in the metallic state, or those oxides which 
are reducible per se before the blowpipe, must not 
be supported on platina foil ; for the platina will 
alloy with them, and fuze into holes. 

Platina Wire. — Gahn, who knew the inutility 
of spoons, but was not acquainted with the use of 
platina foil, employed a platina wire two inches 
and a half long, and bent at one end into a hook, 
(pi. Ill, %. 1) which serves as the support in the 
manner following. Having moistened the hook 
with the tongue, it is to be dipped into the flux, 
a portion of which will adhere to it ; this is to be 
fused by the lamp into a globule, which congeals 
and adheres to the curvature. The assay must 
then be moistened, to make it adhere to the flux, 
which is now solid, and the whole heated together.* 
We thus obtain an insulated mass, which may be 

might perhaps be done away, but still its form is objection- 
able and disadvantageous. C. 

D 
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t^rater, or any other volatUe incombustible eoi>- 
tained in a mineral ; or if the mineral decrepitate 
violently, it is best heated in a matrass or flask, 
(pi. Ill, fig. 3) whose body is sufficiently large to 
allow the air to circulate, and the volatile sub- 
stances to rise* But if we have combustible sub- 
stances, as sulphur, arsenic, &c. to separate from 
the assay by sublimation,, the body of the flask must 
be small, since the renewal of the air in a matrass 
of the former kind, might occasion the combustion 
of the disengaged substances.^ Engestrom heated 
decrepitating substances in a hole made in a piece 
of charcoal, and covered vinith another piece, leaving 
a small opening to introduce the flame. Bergman 
used a glass tube, or a spoon with a cover. WoUas- 
ton wraps the substance in platina foil. 

As the matrass (fig. 3) is seldom so much heated 
as to be injured, it may be used repeatedly ; but 
the glass tubes, especially the open ones, cannot 
be heated a second time, without danger of their 
breaking at the place where the assay rested, and 
they were exposed to a high temperature; but 
that portion may be cut off with a file, the in- 
terior cleaned, and the end closed again if necessary, 
amd then they may serve for several experiments. 
It is well, however, to have a good supply of each 
sort, as they are continually in request. 

I A glass tube of small diameter, and closed at one end by 
llie lamp, is best adapted to this operation. C* 
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Forceps are used to hold a small lamina of a 
substance, when we wish to try its fusibility. 
Their extremities, at least, should be made of pla- 
tina. PI. Ill, fig. 4 and 5, represent the form of a 
pair on the best construction, seen in two direc- 
tions ; abj ab, are two thin plates of steel, each 
having a piece of platina rivetted on its extremity, 
b. These plates are fastened in the middle to the 
same iron plate, e, e, so as to form a double pair ci 
forceps, steel at one end, and platina at the other. 
An interval is left between the plates at the steel 
end, but the platina extremities are made to shut 
close together, by the spring of the steel to which 
they are rivetted. To open them, we press the 
fore finger and thumb against the two buttons, ^, d^ 
each of which is fixed in one plate, and passes 
through the other. The platina pieces must be 
strong enough at 3, to resist the pressure of the 
steel spring, diminishing in breath and thickness 
from b to c, that they may not carry off the heat 
too much from the assay. The steel ends must be 
hardened at tf, that they may not be battered 
when used to detach a particle for frision from the 
mineral to be examined. These forceps were 
brought from France, and perfectly answer their 
purpose. 

Those used for the same purpose in England 
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have a diflTerent and less convenient form. PL III, 
fig, 6, is a side view of one of these instruments. 
The branches, ab^ are of brass, fixed together at a ; 
they terminate like the former in platina points 
rivetted on ; they stand open, but may be dosed 
by a button, d, with two heads, which slides back- 
wards and forwards in a slit cut in the branches. 
When the button is pushed from at, towards c, the 
branches approach each other, and their points 
touch when it is placed against the pieces, e, f, 
which are nothing else but two pieces of wood 
fixed to the branches, and by which the forceps 
are held. Brass is so good a conductor of heat, 
that without this precaution we should be in dan- 
ger of burning our fingers after the blast had been 
kept up for a few moments on the substance con- 
tained between the points.^ 

PI. Ill, fig. 8, is a pair of forceps for large pur- 

I Fig. 7 is a pair of platina forceps, the extremities of 
which are excavated similar to an ear pick, a ; and, when 
shut, will contain any small gem or substance liable to decre* 
pitate during the application of heat. They are provided with 
a slider, 6, that secures them from opening during the pro- 
cess, and will be found extremely useful in examining bodies 
which are liable to dispersion when heat is applied. 

For fig. 7, and the preceding description of it, I am 
obliged to my friend, Mr. Pepys, by whom this very service* 
able little instrument was invented. Decrepitation is a mo- 
mentary phenomenon ; it ceases when the assay has been 
once heated red ; after that it may be treated without any 
envelope. C. 
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poses. The button, rf, dy is furnished with a steel 
spring behind; to prevent its sliding back when the 
cheeks are opened wide. 

Cutting pliers^ made thick and strong in the 
cutting part, are useM for detaching smaU por- 
tions from a specimen, without injuring it. 

A pair ofpliers^ terminating at one end in a 
point, are useful in trimming the lamp. 

Hammers. — Two of hardened steel are ne- 
cessary. The face of one should be round and 
polished; it is used to flatten the grains of re- 
duced metal : its other end must have the form of 
a narrow cone, with an obtuse summit, and serves 
to detach portions of the mineral to be examined, 
when it is required to confine the blow to a small 
part of the surface. The face of the other hammer 
should be square, and its edges sharp ; its opposite 
end is formed like, and serves the purpose of, a 
chissel. This hammer is useful for chipping off 
small portions from a specimen for examination. 
All its edges should be kept sharp. 

ArvoiL^^A. paralellopipedon of steel of about 3 
inches long, 1 inch thick, 3-4ths of an inch wide, 
and polished on all its faces, is most convenient for 
this purpose. It is used to crush pieces of minerals, 
which are to be wrapped in paper and laid on the 
anvil, and struck with the hammer. The paper 
prevents the dispersion of the fragments. When 
we would try the malleability of a grain of reduced 
metal, it is to be treated in the same manner. 

Bergman's iron ring, which he placed on the 
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anvil to prevent the fragments from being scattered 
about^ is unnecessary, and, besides, does not answer 
the purpose. 

Knife. — ^A knife of hard steel of the size of a 
penknife, with a sharp but not too fine edge and 
point, is useful for trying the hardness of bodies, 
which is estimated by the greater or less resistance 
they oppose to it. Its point also, previously moisten* 
ed by the mouth, serves to take up portions of the 
fluxes, and, if necessary, to knead them with the 
pulverized mineral in the palm of the left hand. 
In short, the knife is one of the most indispensable 
instruments used with the blowpipe. 

Files. — ^A triangular, a flat, and a round, or 
half Bound file are useftd. 

A small agate mortar and pestle. The smaller 
the better. That which I use is scarcely two 
inches in diameter, and half an inch high on the 
outside. Its cavity is 5-l6ths of an inch less, in 
breadth and depth.^ 

It is desirable that the bottom of the mortar 
be somewhat transparent ; but it should be quite 
free from cracks and crevices, in which the pulve- 
rised substances would lodge. 

* Gahn having once lost the pestle of a similar mortar^ 
took a button of calcedony of suitable diameter, and fixed it 
with sealing wax to a cork. This new pestle was the only 
one he ever used afterwards. I have been obliged to have 
recourse to the same expedient, and have thought it right 
to mention it in this place, for the use of those who may fall 
into a similar predicament. B. 
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A smaQ piece of pummice stone should be kept 
«t hand, to remove the traces sometimes left on 
the surface of the mortar by metalliferous sub- 
stances. 

A Miscroscope with one or two plano-convex 
lenses of different powers, which form Dr. Wollas- 
ton has shown is best adapted to enlarge the field of 
distinct vision. In the sort of experiments we are 
treating o^ the miscroscope is often indispensable to 
ascertain the result, and we must be cautious how 
we decide as to colour, before we have examined 
the object by its means, for the light reflected by 
the charcoal on small globules of glass often pro- 
duces'^ false appearances which the microscope cor- 
rects. 

A bojc with compartments to hold the fluxes^ 
and a tray of sheet iron not tinned, lined with white 
paper, to catch the particles that may fall from the 
support during an experiment, are useftd. 

A glass tube with a fine orifice, passing through 
a cork fitted to the neck of a phial half ftdl of 
water, is convenient for washing the charcoal 
powder from the grains of reduced metal, in cer- 
tain experiments.^ 

' This is a neat contrivance of Dr. Wollaston's for dropping 
water. Berzelius calls it the ^^/ountain of compressUm^** and 
describes the mode of using it, thus. '* The cork is fixed in 
the neck of a flask half full of water, which is turned upside 
down^ and into which tve hhoo^ so as to compress the air xnithin. 
This air, by afterwards dilating, produces a fountain ;'' which 
he might have added, will play in the face of the operator, 

6 
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J polished blood stone u Hsefiil to rub the me-^ 
tallie substances on, that hate been reduced but 
not Aised, in order to asoertaai if they be possessed 
of metallic brilliancy, &c. 

Small porcelain capsules^ SK useftd to hold the 
firagments that have been^ (Mr ase to be examined^ 
&e. 

Order in the arrangement of the yarious iiistru*^ 
ments is very essential, so that 1^^ operator may 
in a moment lay his hand on whatever he m^ 
want.* 

The following apparatus is not partieuhrly con- 
nected with the uses of the blowpipe, but is conve- 
nient. PL III. fig. 9) i» Ar, is a small vice sliding 
on an upright brass rod, furnished with a foofr 
(not shown in the plate), to which it iB fixed by the 
screw, k; the opening, i, receives the triangle, ^r, ^, c, 

as soon as he removes the bottle from his moulili. The dila- 
tation of the air by the heat of the hand, is all the expan* 
sive power necessary to expel the water, and I believe the 
only one intended to be applied. It is convenient to have 
the tube bent nearly at a right angle, about an inch from the' 
orifice. C. 

' Or watch glasses. C. 

^ Here follows a long detailed description of a table, with a 
drawer at each side, and four in front, divided into moveable 
compartments of tinned iron, to hold the various instruments, 
&c. not forgetting a hook with a t&vodjixed to the right leg of 
the table I Next comes an equally elaborate description of a 
red morocco case to hold a travelling blowpipe apparatus.' 
These things are all very useful, but I cannot agree with my 
author, that a particular description of them is necessary. 
I have, therefore, omitted them. C. 
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and is tightened by the screw, /. At rf, is a joint 
to fold the triangle together for the convenience of 
travelling, &c.; e, jf, g^ A, on the side n, &, are small 
holes, each intended to receive one end of a steel 
wire, bent at a right angle, whilst the other end, 
sbnilarly bent, fits into the corresponding hole on 
the side 6, c. The large triangle, a^ b, c, may 
thus be divided into four smaller ones, according 
to the diameter of the capsule or crucible intended 
to be supported by it. The triangle is made of 
strong iron plate, and the length of its side is 
about 24- inches. 

A magnetic needle. A, and Hauy's Electrical 
needle, B, (pL III, fig. 10,) to which the pivot 
(fig. 11.) serves as a common support, are neces- 
sary ; also a small bar magnet, to produce an equili- 
brium between the mutual action of the magnet 
and the magnetic needle, and that of the needle and 
the earth, after the manner pointed out by M. 
Hauy.^ 

' This experiment for rendering very weak magnetic at- 
tractions perceptible, is performed as follows. The magnetic 
needle is suspended on its point, and when it has taken its 
position in the magnetic meridian, the magnet is placed at a 
certain distance from it, the north pole, for instance, of the 
magnet^ being opposed to the north pole of the needle. The 
magnet is tlven gradually approached towards the needle, 
till, from the mutual repulsion of the similar poles, the needle 
has taken a direction perpendicular to that which it had at 
first. The repulsit^n of the magnet is now in equilibrium 
with the magnetism of the earth, and the least force acting 
on the needle will overcome it. By this arrangement, very 
small magnetic attractions may be rendered evident, whith 
4 
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A cylindrical cast open at both ends. (PL III, 
fig. 12.) One half of the cylinder is occupied by 
a foot or stand made of a glass tube, filled with 
sealing wax, and terminated by a small steel point, 
on which the electrical needle, B, (fig. 10,) oscil- 
lates, when it is required to insulate the stand. The 
other end of the case contains a conical stand, also 
made of sealing wax, to which is fastened the hair 
of a cat. This electroscope, invented by Hauy, is 
the most sensible known, and renders all others 
almost unnecessary in physico^-mineralogical re- 
searches. The hair is n^atively excited,^ by 
drawing it through the fingers, after which it is 
attracted or repelled by any electrical body to 
which it is presented, according as that body is 
positively or negatively electrified. If the hair 
have not been excited, it is attracted alike by all 
electrical bodies, and discovers electricity of too 
feeble intensity to have any influence on the elec- 
trical needle. 

To these articles may be added a pair of small 

a*. 

would have no action oni the needle in its ordinary poeitioD. 
In this experiment, care must be taken not to communicate^ 
in handling it, any electricity to the mineral examined, since 
it would act on the needle as a magnetic power. B, 

■ *< Ou frotte le poil entre ses doigts pour y susciter I'elec- 
tricite nSgative.** I think this is a mistake. I stuck a hair 
from a cat*s back to the end of a stick of red sealing wax, 
and excited it by drawing it through my fingers. It was at- 
tracted by excited sealing wax, and repelled by an excited 
glass tube. The same effect took place when I excited the 
liair by silk. Its electricity must, therefoie, be positive. C. 
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fidissars, a pair of small tongs to hold crucibles, 
&c. when heated by the spirit lamp; a touch stone, 
and some assay needles, made of alloys of gold of 
different standards, for trying the purity of gold. 



OF THE REAGENTS, AND THEIR USE. 

Cronstedt commonly employed only three rea- 
gents, — subcarbonate of soda, borate of soda, and 
the double salt formed of phosphate of soda, and 
phosphate of ammonia. I shall henceforth, for the 
sake of brevity, call these simply soda, borax, and 
salt of phosphorus. 

These reagents are still employed ; and in the 
multitude of substances which have been tried 
since the time of Cronstedt, there is not one pre- 
ferable to either of the above in their respective 
uses. It is singular, that in the infancy of the 
art, the best should have been hit upon. To these, 
which are the principal, and always in request, others 
have since been added, not so frequently wanted 
indeed, but which it is necessary to have at hand 
for particular cases. I shall treat, in succession, of 
the different salts employed, and explain the ob<p 
ject to which each is applicable, and the method 
of using it. 

Soda. — (Carbonate of Soda.) We may take in- 
differently, either the carbonate, or the bicarbonate, 
but both must be perfectly pure, and especially, 
free from sulphuric acid. The best method of ob- 
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taining the bicarbonate, i^ to imprq^nate a eon- 
eentrated solution of purified soda, such as is found 
at the druggists, with carbonic add gas. In this 
operation the bicarbonate precipitates in the form 
of small crystallized grains, which are to be twice 
washed in cold water and dried. The salt, either 
previously ignited or not, is reduced to fine powder. 
If not ignited, it is more bulky, but there is this 
inconvenience from igniting it, that if the knife 
with which we take up portions of it be wet, the 
moisture gradually commimicates to the whole 
mass, and causes it to collect into coarse lumps. 

Two principal objects are connected with the 
use of soda ; 1st, to ascertain if bodies combined 
with it be frisible or invisible ; 2dly, to assist the 
reduction of metallic oxides. In both these respects 
it is one of the most indispensable reagents. 

(a.) Of the fusion of bodies by soda. A very- 
large number of bodies have indeed the property 
of combining with soda at a high temperature, but 
most of these combinations are infusible. It is 
only with acids, and a small number of metallic 
oxides, including silica, that it forms fusible com^ 
poimds, which for the most part are absorbed hj 
the charcoal. 

Of these compounds, the glass formed with 
silica, or siliceous minerals, of which I shall speak 
more fully when we treat of that oxide and the 
mode of examining the silicates, occurs most fre- 
quently. With regard to the use of soda, many 
minutiae are to be observed. We take up the 
necessary quantity with the point of a small knife. 
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pre?k)ii8ly moitteiied by tilie mouth to make the 
powder adhere to it. It is then applied to the pahu 
^ the left hand* and, if necessary, moistened again, 
80 as to form it into a coh^ent maas. If the sub* 
stance to be tried be pulverulent, it must be kneaded 
in the hand with the soda, but if it be in the form 
of a spangle or grain, the soda is applied to its siur< 
&ce ; it is then heated on charcoal, at first to drjmess, 
and afterwards till it ftises. It commonly happens, 
that the soda is absorbed by the charcoal the in- 
stant after it is melted ; but this does not prevent 
its effect on the assay ; for if it be fusible with the 
jBoda, it soon aft;er pumps it up again, (la repompe), 
a continued effervescence appears at its sur&ce, its 
edges become round, and the whole is transformed 
into a fliud glass globule. If the assay be infu- 
sible in soda, but decomposable by it, it is per- 
ceived to swell up by degrees, and change its ap- 
pearance without fusing. Ere we pronounce on 
the inftisibility of any substance with soda before 
the blowpipe, we must always try a mixture of 
the flux, with the substance reduced to powder. 
If we take too little soda, a part of the matter re- 
mains solid, and the rest forms a transparent 
vitreous covering around it ; if we take too much, 
the glass globule becomes opaque on cooling. 

The assay may perhaps contain some substance, 
which, being in^sible in the glass of soda, des- 
troys its transparency ; in that event, to avoid 
being deceived with respect to the nature of the 
glass, we must in the two before-mentioned cases. 
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add a fiah fottioi of tfaeastter iUHMimil to be 
m^mtiog, and thv cBdcavonr to ofatm adearglaM 
{^ofaok. In general, it k best to caqploj the soda 
in gmaU soccesOTe doaeSy cburring tiie dianga 
dnced bjr the diffident praportiona of die fox. It 
KwnetimwihappqM, that thegjbuabeeonies oohnned 
at the moment it begins to eool, and ends by aasom* 
ing a tinge, wfaidi may vary ficom ydkrvr to deep 
hyacinth red ; oocasiooally it eren becomes opaque 
and ydfaiwiah brown. These jqppeaiances oocor 
if the soda contain sulj^iinc acid, or only sulphur, 
and the discoloration is the consequence of the 
hepar, or liver of sulphur, fonned by the reducing 
acti<m of the diarooaL If it always ensue with 
the same soda, it is a proof that it contains suU 
phate of soda, and must be rcgected,^ otherwise it 
is the assay which contains sid^ur, or sulphuric 
add. 

Cronstedt and Bergman directed minerals to be 
fiised with soda in a metal spoon, because they 
supposed the absorption of the soda by the char- 
coal would prevent its action on the assay. Gahn 
never employed a spoon in this case, for the fused 
mass spreads over metallic surfaces, whilst on char- 
coal it assumes a globular form, in which state we 

1 li !• beat to aicertain that the soda do not contain any 
sulphate before it is used. For this purpose, dissolve a small 
portion in distilled water ; and, to the clear solution, add a 
few drops of muriate of baryta. If the precipitate be not 
wholly soluble in muriatic acid, the soda contains some sul- 
phate. C. 
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can more accurately judge of its colour and trans- 
parency. 

(b.) Reduction of metallic o.vides. -^This mode 
of assaying, by which we often discover portions 
of reducible metal so minute as to escape detection 
by the best analyses made in the moist way, is, in 
my opinion, the most important discovery that 
Gahn ever made in the science of the blowpipe; 

If we place a small piece of native or artificial 
oxide of tin on charcoal, a skilftd operator will be 
able, with some exertion, to produce from it a small 
grain of metallic tin ; but if a little soda be added, 
the reduction is easily effected, and so completely, 
that, if the oxide be pure, it is wholly converted 
into r^uline tin. Soda therefore manifestly fa- 
vours the reduction ; but we are ignorant of its 
precise mode of action. When the soda sur- 
rounds the substance to be reduced, we may ima- 
gine that this reagent, which, by its interposition 
between the assay and the charcoal, prevents 
rather than facilitates their contact, may itself 
be reduced in a certain degree by the action of 
the blowpipe, the consequence of which is the re- 
duction of the oxide imbedded in the soda, by the 
base of the soda or its suboxide. If the metallic 
oxide contain a foreign body, incapable of being 
reduced, the reduction of the former often becomes 
more difficult in consequence ; but if we add a 
little borax, this reagent will co-operate with the 
soda in dissolving the foreign substance, and the 
reduction will be speedily effected. This expert- 
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ment is easily parformed, and the nature of the 
metal the more readily ascertained, from our gene- 
rally knowing hy previous trials, that o£ the oxide 
operated on ; h^oe the reduction is only a confir- 
mation of a previous condudon. B^igman has de»* 
crimed this process. 

Suppose now, that the metallic oxide be mixed 
with a comparatively large quantity of irreduciUe 
substances, and that its pres^ice be either un- 
known, or impossiUe to be ascertained by othar 
similar experiments ; how are we to discover whe- 
ther the assay contain a reducible metal, and if it 
does, how are we to prove it? Gahn has given a 
simple solution of this problem. 

The dssay, being reduced to powder, is to be 
kneaded in the hollow of the left hand with mois- 
tened soda, the mixture placed on db^coal and 
exposed to a good reducing heat; then a little 
more soda is to be added, and the blast renewed. 
As long as any particle of the assay remains on the 
surface of the charcoal, soda is to be added in ^small 
doses, and the blast continued till the whole mass is 
absorbed by the charcoal. The first portions of soda 
serve to collect the metallic particles, which were dis- 
persed through the whole matter of the assay, and the 
final absorption of the latter completes the reduction 
of whatever tiU then had retained«the state of oxide* 
This done, the charcoal is to be extinguished with 
two drops of water, and the portion containing the 
absorbed matter being removed vdth a knife, is to be 
reduced to very fine powder in an agate mortar. 
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This powder u then to be washed with water to 
ftte it &o^i the oharcoal which &nns its lightest 
pfirt, for which purpose we use die little fountain 
of compression.^ The g|rin<)ing and wadbing (the 
ktter requires particular att^ation) ase to be |:e- 
peated as often as necessary, till 1^ whole of the 
:charcoal is got rid of. If the assay contained no 
metallic substance, nothing remains in the m<nrtar 
after the last washing. But if it contained any, 
however small a portion of reducible metal, it will 
be found at the bottom of tiie mortar in the fc^m 
of little brilliant leaves, if fiisible and malleable ; 
or as a powder, if brittle and not ftised. In ^thet 
case we peredv^ on tiie bottom of th@ mortar 
metallic traces, arising from tl^e friction of the 
particles of metal against the agate, provided thg 
quantity of metal contained in the spedmen was 
not too small. The flattening c^ malleaUe me- 
tals transforms an imperceptiMe partide into a 
wund shining disc of sensible diameter. Thus we 
may detect by the blowpipe in an assay of the 
usual size, i per cent of tin, and ^even the slightest 
tra^s of copper. 

We must endeavour in thes^e experiments, 1st, 
to produce as strong a heat as possible, by diisectr 
ing the redudng fame, so as completely to cover 
tihe surface of the frised mass; Sdly, to leaxre 
iiothing in the charcoal, and to lose none o£ the 
assay when we collect it ; for though the particles 

1 See note, page 41. C. 
E 2 
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6( the metal may be fused into 2I globule in some 
part of the mass, we know.not where the globule is ; 
Srdly, to grind the carbonaceous mass sufficiently ; 
4thly, to decant very gently, so that only tiie 
lightest and finest partidea may be carried off by 
the water ; 5thLy, not to attempt to ascertain the 
result till the whole of the charcoal be got rid of; 
since the smallest remaining portion might be suffi- 
cient to conceal the little metallic spangles, and 
the particles of the charcoal themselves, seen in a 
certain light, display a metallic lustre, which may 
deceive an inexperienced eye : and, lastly, we must 
not be content with examining the result with the 
naked eye, but inspect it carefuUy with the micro- 
scope, if it be only to satisfy ourselves that we have 
judged accurately concerning it. When the bot- 
tom of the mortar, by long use, has become uneven, 
the small cavities which it contains are sometimes 
filled with air, and form bubbles under water, 
whose convexity reflects light like a polished me- 
tallic sur&ce. The nature of the reflecting sur£su» 
is easily detected by turning the bottom of the 
mortar to the light ; if it be a bubble, the light 
will be seen through the spot it occupies, but if it 
be a spangle of metal, the spot wiU be opaque. 

The metals reducible by this process (besides the 
noble metals), are molybdenmn, timgsten, anti- 
mony, tellurium, bismuth, tin, lead, copper, nickel, 
cobalt and iron. Of these, antimony, bismuth, 
a;nd telliuium are easily volatilized by a strong 
reducing flame. Selenium, arsenic, cadmium, zinc. 
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and mercury, volatilize so completely, that they 
cannot be collected without a little subliming ap- 
paratus. 

The reduction is always effected at the first 
trial, if the assay contain from 8 to 10 per cent, 
of metal. But as its proportion diminishes, more 
attention and practice are necessary to keep it in the 
mortar and ascertain its nature. A good method of 
practising oneself in thiskind of operation, is to select 
a substance containing copper, and make several 
experiments of reduction with it, mixing it every 
time witha larger proportion of matter containing no 
copper ; thus the metallic standard diminishes with 
every fresh experiment, and when we have arrived 
at such a proportion that we cannot effect the re- 
duction of the copper by a first operation, we 
must repeat the trial till we succeed in developing 
it By exercising oneself in differait trials of this 
kind, we soon become expert in such operations, 
which only require a little address and practice. 

If the assay contain several metals, the reduc- 
tion of these oxides is commonly made in globo,^ 
and we obtain for our regulus a metallic alloy. 
A few reduce separately, as copper and iron, which 
give a regulus of each metal,><<^-copper and zinc, the 
former gives a regulus of copper, the latter sub- 
limes. But when the result of the operation is an 
alloy, in order to find what metals it is composed 
of, we must have recourse to particular effects pro* 

^ So in the text. C. 
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dueedhy odler fluxes. Fuitihi^ on I shaUdeBs- 
cribe the disttnguishmg dboracten 0F each tnetal^ 
lie oxide. 

For Want of sodSi we nay empby polassa in all 
the preceding instimoes; but eoda is pHeferable^ 
first) because its carbonate is Bdt deliquescent like 
that of potassa, and» secmdly^ the capunty of satfi- 
ration of soda is to that of potassa, (all cir<!uni« 
stances being equd) as SS'ffS : 16*95 ; that is to 
say, in the ratio of the quantitjr of oxygen they 
contain* 

2. Borax. — The borax rf commaxse should be 
dissolved and crystallized afiresh, before it is used 
for experiments with the blowpipe. Gafaii used 
often to remark, that in fiising bmrax of commerce 
with soda on charcoal^ tiU the two salts toe absorb- 
ed, a white metal is frequently obtained from the 
mass, which seems to be derived froto the vessels iti 
which the borax is refined. This does not happen 
with re-crystallized bo^ax. 

The borax is kept either in small grains, of the 
size required f<Mr experiment, ik in powder, in 
which case it is taken up like the soda, with the 
^ moistened pcnnt oi the knife, ^me t^eratom 
frise it to get rid <^ its l^ater of <^taUizatioh, and 
thus avoid the intumescence which proceeds the 
frision of the costal contakung water, on the char* 
00^ This w^e a v^ good precaiution, but that 
the borax soon reoovars its water of crystallization, 
and swells up before the blowpipe as at first, though 
in a rather less degree. I always use my borax 
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un-calcinedy for thp intumescence ii a rii^^tiQfi 
convenience, and it is easy to melt the maas into a 
globule. 

fiorax is used to effibct the solution or fusion of 
a great number of substances. According as the 
matter to be dissolved is pulverulent or granular, 
it is spread over the borax at the instant of its 
swelling up, or fixed on the fused globule by being 
moistened. In general, we begin fay attempting 
tibe solution of a spangle, because, if the assay 
be in the form of a powder in experiments of 
this kind, we cannot distinguish accurately the 
parts of the nmay not attacked by the flux, 
from certain insoluble substanqes wUch may he 
jNresent; and this distinction is ofiben very impor- 
tant We examine if the fusion of the bodies be 
effected slowly or readily, without any apparent 
motion, or with effervescence ; if the glass re- 
sulting from the frision be coloured, and if the 
colour be differmt with the oxidating flame from 
what it is with the reducing ; lastly, we observe if 
the colour increase or diminish by cooling, and if 
at the same time th^ glass preserve or lose its 
transparency. 

Certain bodies have the property of fcnrming a 
clear glass with bona, which preserves its trans- 
parency after cooling, but, when slightly heated by 
the exterior flame of the lamp, becomes opaque and 
turns milk white, or is coloured* particularly if the 
flame has been directed on the glass in an unequal 
a»d intermitting manner. Such are alcaline 
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earths, yttria» glucina, zirooB, the oxides of ee^ 
rium, columbium, titanium, &c. But erne condi-» 
tion of this phenomenon is, that, to a certain point, 
the glass be saturated with the oxide or the earth. 
The same thing does not happen with silica, 
alumina, the oxides of iron, manganese, &c. and 
the presence of silica is suBBident to prevent the 
appearance of the phenomenon with those earths 
which form a glass with borax liable to become 
opaque, so that it does not ensue at all with their 
silicates, or only when the glass is supersaturated 
with them. To avoid prolixity, I shall say henoch 
forth of a body presenting this phenomenon, that 
its glass becomes opaque by flaming (auflamber). 

The use of borax is founded on the tendency <£ 
its component parts to form compounds that are 
all fusible, though in different degrees. On one 
hand it dissolves bases, and forms with them a 
fusible double salt with excess of base; on the 
other it dissolves acids, amongst which I place 
silica, and even to a certain extent alumina, and 
forms with them add and fusible double salts. As 
all these salts commonly preserve ;thdr transpai- 
rency on cooling, we can hence judge the more 
certainly of the colour which the compound ac- 
quires from the substance dissolved, 

8. Salt of phosphoriLS. — To procure this salt, 
dissolve 16 parts of sal ammoniac in a very small 
quantity of boiling water, and add 100 parts 
of crystallized phosphate of soda; liquefy the whole 
together by heat, and filter the mixture whilst 
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boiling hot ; the double salt will crystallize as it 
cools. The mother water that renudns contains 
common salt, and a certain portion of the double 
phosphate. We cannot, however, obtain the latter 
by evaporating the mother water, for the common 
salt would crystallize with it ; besides, the double 
salt becomes acid during the evaporation, and 
must, therefore, be saturated with ammonia when 
set to crystallize, if we would obtain a further por* 
tion from it. If the salt of phosphorus be not pure^ 
it gives a glass which becomes opaque on cooling. 
In that case, it must be re^^solved in a very small 
portion of boiling water and crystallized afresh. 

The salt of phosphorus may be kept in large 
grains, or in powder. The crystals are gene- 
rally of a convenient size for experiment. Heated 
before the blowpipe on charcoal, it boils up, intu<* 
mesces a little, and gives out ammonia ; add phos^ 
phate of soda remains, which flows quietly, and 
forms a transparent colourless glass as it cools. It 
acts as a reagent prindpaUy by means of its free 
phosphoric add, and the advantage of employing 
this salt, rather than the add itself, is, that the 
latter is very deliquescent, much more Qostly, and 
is readily absorbed by the ch^ooal. The salt of 
phosphorus therefore shews the action of acids on the 
assays ; its excess of add seizes on all their bases, and 
forms with them more or less frisible double salts, 
whose transparency and colour may then be exa- 
mined. Consequently, this flux is more particularly 
^pplioable to the examination of meUdlic oxid^ 
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whose characterifitic colours it developes mudi beU 
ter than borax. 

The same flux exerts a repellent action on 
adds. Those which are volatile sublime^ whilst 
the fixed adds remain in the mass, and divide the 
base with the phosphoric^ or yield it entirely to it ; 
in the latter event, they remain in suspension ini 
the glass, without dissolving in it In this respect 
the salt of phosphorus is a good reagent for the 
silicates; it sets the silica free, which then ap- 
pears liquefied in the salt as a gdatinous mass. 

4. Saltpetre.'^hong thin crystals are to be se- 
lected, and kept in that state. The use of this 
reagent is very limited, and its object is to com- 
plete the oxidation of substances which have partly 
resisted the action of the exterior flame. This is 
effected by plunging the point of a crystal of salt** 
petre in the liquid mass ; but in order to prevent 
the cooling of the globule, we have the crystal 
ready in a pair of pincers, which we hold between 
the third and fourth finger of the right hand (this 
does not prevent our managing the blowpipe with 
the same hand), and the moment we cease blowing, 
plunge it in the assay globule, and keep it there 
for an instant. The fused mass intumesces and 
becomes frothy; sometimes it assumes colour, 
whose tint becomes distinct on cooling ; sometimes 
it exhibits no colour till completely cold. We 
need not continue the blast after the intumescence 
of the assay, for it is then that the eflfect is most 
distinct. Saltpetre is but little employed, except 
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to discover portions of tnangimese that are too mi^ 
nute to colour the glass without it ; and since we 
have found still iiiore delicate methods of acooni- 
plislung this» it is become almost useless. 

6. VitriJUd boradc add is kept in ooarse 
powder. Ite use is limited, but necessary to de^ 
tect phosphoric add in minerals, by the process to 
be described when we treat of the action of the 
phosphates. 

6 and % Gypsum and fluor spar. — These 
two substances, well dried, are used mutually to 
detect each other, ai^ have no other use ; but in 
Ais respect they are very interesting to the mine- 
ralogical chemist. If we put together a small 
morsel of gypsum with a rather smaller jaece of 
fluor spar, and heat them, they soon melt at the 
point of contact, combine and are converted by 
fusion into a cdiourless transparent glass bead, 
which on cooling assumes the appearance of white 
enan^l. In lliis way fluate of lime is used as a 
reagent for gypsum, and vice versA. The com- 
pound resulting from the fiision of these two sub- 
fitanees appears to be a double salt formed of 
fluoric acid, sulphuric acid, and lime, and since a 
somewhat larg^ volume of gypsum than of fluor 
spar is necessary, in or^r to dbtain a very dear 
bead, it seems that it is composed of a particle of 
eadi of its constituent salts. If we take too mudi of 
eitiuar, the fusion is imperfect If the glass bead 
be exposed to a strong and long continued heat, 
or be kept in fasaon for some seconds before the 

2 



60 REAGSNTS, 

reducing flame, it fixes, swells up and is con- 
verted into an angular mass ; after which it is no 
longer fusihle. This phenomenon seems to result 
fix)m the decomposition of the sulphuric acid^ 
whence sulphurous acid is disengaged, and the 
double salt partially decomposed. Gypsum is not 
the only flux for fluor spar, nor fluor spar for 
gypsum ; sulphate of bar3rta and fluor spar on the 
one hand, and fluate of baryta and gypsum on the 
other, also fiise very well together ; but the fused 
mass is never dear, because the double calcareous 
salt which is formed, wants the property of dis- 
solving the two barjrtic salts which it is mixed 
with, 

8. Nitrate of cobalt dissolved in water. This 
solution must be very pure, entirely free from al* 
kali, and rather concentrated. 

This test is employed to detect the presence of 
alumina and magnesia, the former giving, after 
strong ignition, a fine blue with the oxide of co- 
balt, the second a pale rose colour. Silica does 
not prevent the appearance of these characters. 
There are two ways of treating a substance with 
nitrate of cobalt, 

(a.) If the assay be absorbent, a small grain of 
it is used, which is to be moistened with a drop of 
the solution, and heated strongly, but not fused. 
After being heated some time, the assay becomes 
coloured, blue (more or less pure), if it contain 
alumina, and red or rose colour, if magnesia. 

In the latter case, we must endeavour to ftise it, 
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for the magnefflian oompoimd retains its red colour 
after fusion, and generally even acquires a stronga: 
tint. The blue colour of the alumina is also per* 
manent in fiision, but it thereby loses its distin- 
guishing character; for minerals which contain 
lime or alcali, without alumina, also become blue 
hy fusion with oxide of cobalt ; but not till they 
have been fused. 

(b.) For harder substances, as the crystallized 
stones, the process is different. The stone is to 
be ground with water in the agate mortar, till re- 
duced to the state of pap. A drop is to be taken 
up by the pestle, and laid on charcoal, which will 
absorb the water, whilst the fine powder suspend* 
ed in it will remain on the surface. To this we 
add a drop of the solution of cobalt, and heat it 
gradually to redness, without stopping to examine 
the successive tints it passes through, before the 
salt is decomposed, and which end in black ; for it 
is not till the moment of brightest incandescence, 
that the characteristic action is developed. If we 
perceive the mass begin to detach itself firom the 
charcoal, we may take it up careAiUy with the 
platina forceps, and, exposing it in that state to the 
flame of the blowpipe, heat it more easily to the 
degree required. 

The colour of the assay cannot be judged of till 
it is completely cold ; and it must be examined in 
day light. The finest blue appears of a dirty 
violet colour, or almost red, by the light of a lamp 
or candle. 
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The proper quantity of the solutioii of cobalt to 
be taken depends on its ocmoentration, and is 
easily learnt by e:(periment The presence of a 
metalUc oxide in the assay entirely destroys the 
action of this test, and if the solution contain a^y 
trace of saltpetre, it will impart a blue colour to 
certain substances, whidii otiaearyme would net 
exhibit it ; for instance, silica and zircon.^ 

9. Tin. — This metal is wnployed in the state 
of foil, cut into long slips half an inch wide, and 
closely rolled up. Its use is to promote reduction in 
the highest degree in the fused vito^ous compounds, 
especially when the assay contains small portions of 
metallic oxides, capable of being reduced to proi- 
toxides, and which in that state give more decisive 
results. We introduce into the still hot assay, proh 

' These pheaomena had been observed by Gahn l&ag be- 
fore M. Thenard discovered the blue colour piodueed by 
alumma with arseniate or phosphate of cobalt ; aqd they h^^ 
led him to the discovery of the very same blue colour. He pre- 
pared it with alumina quite free from iron, obtained by pre- 
cipitation from alum, over which he poured a concentrated 
solution of nitrate of cobalt, and exposed it, previously drieiil» 
to an intense heat. But, examining this beautiful colour bj 
lamp light, Gahn found it rather red than blue, unpleasant 
to the eye, and did not consider it as fit to be used in the 
arts, nor even worthy of a particular description. This ex- 
periment was one of a series which he made to examine the 
modifications produced in minerals by beating them with me* 
tallic solutions : of them all, that of cobalt alone furnished an 
useful result. B. For Thepard's process for forming the 
alumino-cobalt blue, see his Trait6 de Chimie, vol. ii. p. 400. 
second edition. €• 
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viously exposed to the reducing flame, the extre- 
mity of the roll of tin, a part of which fiises and 
remains in the assay, and the whole is then imme- 
di^ly re^nelted in the same flame. We must not 
continue the blast long, af t@r having added the tin, 
far in that case it will either wholly precipitate the 
metal, which we wish to bring to the state of oxide, 
and all fiirther action cease, or it will dissolve in 
so large a quantity in the flux (especially if it be 
salt of phosph(M:us), that the mass will become 
opaque. 

10. Iron^ used in the state of harpsichord wire. 
No. 6, 7, or 8. Bergman and Gahn employed it to 
precipitate copper, lead, nickel and antimony, and 
to separate them from sulphur, or fixed acids. For 
this purpose a small portion of one end of the wire 
is immersed into the fused assay, and the blast 
of the blowpipe directed on it, when the iron be- 
comes covered with the reduced meital ; the latter 
is oft^i seen at the surface of the fused mass in the 
form of little globules. Iron has lately b6en ap- 
plied to a more important purpose, founded on its 
property of reducing the phosphoric acid of the 
phosphates to the state of phosphorus, whence 
]^dsphuiet of iron is produced, which, fusing with 
the assay, forms a white brittle metallic globule. 
When treating of the phosphates, I shaU describe 
the process to be followed in this experiment. 

11. Lead free from alloy, especially with silver, 
is employed in eupeUation. 
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13. Bone ashes. — ^These are used with lead in 
cupelling metals or minerals containing gold or 
silver. The bone ashes must be reduced to a very 
fine powder, a small quantity of which is to be 
taken on the point of a knife moistened with the 
tongue, and kneaded in the left hand with a very 
little soda into a thiek paste. A hole is then made 
in a piece of charcoal, and filled with the past^ 
and its surfSace smoothed by pressure with the agate 
pestle. It is then to be gently heated by the blow- 
pipe, till it is perfectly dry. (The soda only assists 
the cohesion, and may be omitted.) The assay, 
previously fiised with lead, is placed in the middle 
of the little cupel, and the whole heated by the 
exterior flame. When the operation is finished, 
the precious metals are left on the surface of the 
cupel. This experiment is so delicate that grains 
of silver visible to the naked eye, and indeed such 
as may be collected by the forceps, and extended 
under the hammer, may in this way be extracted 
from the lead met with in commerce. 

I have seen tobacco pipes used for this purpose 
in England, on a transverse section of which the 
operation is performed. They have the disadvan«^ 
tage of absorbing very little oxide of lead, and of 
allowing us to work only on very minute portions 
of matter, which proportionately diminishes the 
button of silver. I, for a time, tried the use of 
burnt round bones, performing the cupellation on 
one end, and carefully removing the portion loaded 



AND TttEIR USE. 65 

with oxide of lead after e^ery operation. But 
from the extreme brittleness of burnt bones^ the 
process first described is by much the best. 

13. Silica, such as we obtain in the analysis of 
minerals, and particularly from pulverised rock 
crystal, forms a very fiisible glass with soda, by 
means of which we may detect the presence of 
sulphiu*, or sulphuric acid. I sometimes use glass 
instead of silica, but it does not mix so readily 
with the soda. For the rest, see ftirther on, the 
article Sulphates. 

14. Occide of copper is used to detect the pre- 
sence of muriatic acid. See the article Muri'- 
ates. 

15. Test papers, respectively tinged with infu- 
sions of Utmus, brazil wood, and turmeric. 

General rules for experiments with the blow- 
pipe. — It sometimes happens that an assay with 
which we have been a good while occupied, is sud- 
denly blown off from the support. To recover it, 
Gahn placed his lamp in a large tray made of sheet 
iron, not tinned, its border about an inch high, 
and its bottom covered wdth a sheet of thick white 
paper. -A white earthenware dish, or a paper tray, 
will be a good substitute for the iron one in travel- 
ling. The tray should be emptied after every ex- 
periment, to avoid confounding the assay with 
other matters. 

As to the size of the morsel operated on, it is 
large enough, if we can distinctly see the effects 
produced on it, and we are more likely to fail in 

F 
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our object by u»ng too large, rather than too smal) 
a piece. 

Von Engestrom dhrects the assay piece to be 
about the size of a cube l-8th of an inch on the 
side, which would be very well if we were work- 
ing with an enameller's lamp, but is much too 
large for our experiments. Bergman says, about 
the size of a pepper com, adding, that we must 
often operate on smaller portions. This also 1$ 
many times too large ; we should seldom succeed 
in applying an adequate heat to so considerable a 
bulk, and even for vitrification with the fluxes, the 
size of a pepper com is much too great A piece 
of the size of a large grain of mustard seed, is al- 
most always sufficient. For the rest, experiment 
must teach us to determine the bulk best adapted 
to the success of an experiment, particularly when 
we attempt to produce an effect on a small quan- 
tity which has failed with a larger. But, even if 
the experiment succeed with a large piece, it al^ 
ways requires a stronger and a longer blast, and after 
all, we can judge of the colour and fusibility just 
as well with a smaller. The only instance in 
which it may be convenient to operate on^portions 
larger than a mustard seed, is when we wish to 
extract metals, whether by reduction with soda or 
by cupellation, because in that case we obtain a 
larger portion of the metal sought for, which may 
consequently be examined and distinguished with 
greater ease. 

Prior to submitting an assay to the action of the 
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fluxes, the phenomena it presents, when Heated 
alone before the blowpipe, must be examined as 
follows. 

^a.) The substance must be heated in a small 
mattrass by the spirit lamp, to ascertain if it de- 
crepitate, or give off water or any other volatile 
matter. 

(b.) We must heat the assay gently on char- 
coal by the flame of the oil lamp directed on it 
by the blowpipe, and immediately after removing 
it from the heat, apply it to the nose to ascertain 
if it contain any volatile acid, arsenic, selenium, ot 
sulphur. The odour developed by the oxidating 
flame must be compared with that which the re^- 
dudng flame developes, and the difference noted 
do¥m. The first renders the odour of selenium 
and sulphur more sensible, the second that of 
arsenic. 

(c.) The fiisibility of the assay must be exaiAined, 
If we can obtain it only in the form of round grains, 
the best way is to place them on charcoal, notvdth- 
standing their liability to be blown off when not 
very fusible. But if we can choose a form to our 
liking, we strike off from the specimen by the 
hammer, a very thin scale, one edge of which 
is usually transparent ; or select amongst the de- 
tached fragments, a pointed or lameUar morsel, 
which we hold in the platina forceps and present 
its edge or point to the flame. We thus imme- 
diately perceive if the assay be ftisible or not. In- 
r 2 
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fusible substances retain all the sharpness of their 
points and edges, which is easily distinguished by 
the microscope. With difficultly fusible substances, 
the same parts become rounded ; and, lastly, those 
of easy fiision are melted into a globule. As to 
Very difficultly fusible minerals, I generally grind 
them with water, and put a drop of the mixture 
on charcoal, precisely as is done in the experiments 
with nitrate of cobalt ; I then dry the mass spread 
over the surface of the charcoal, and expose it to 
the oxidating flame, till it adheres no longer to 
the support. It then forms one coherent body, a 
sort of cake, which I take between the platina for- 
ceps, and give its edges the greatest heat I can pro- 
duce. The edges, even of substances that I caU in- 
fusible, usually become slightly curved, which is a 
proof that, strictly speaking, they are not absolutely 
infusible, but the microscope shows us whether they 
be vitrified or not. In the same manner we treat 
dry pulverulent substances, after having made them 
into a paste which is spread on the surface of the 
charcoal with the point of the knife. 

I am convinced that the heat we can produce 
by the blowpipe supplied with air from the lungs, 
is very limited ; that we cannot, for instance, fuse 
by its means the smallest portions of either alu- 
mina or silica, and, consequently, that the deter- 
mination of diffisrences of ftisibility does not de- 
pend so much on the size of the assay and the 
skill of the operator, as has been supposed. In this 
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respect the blowpipe has a decided advantage over 
the machines for producing a current of oxygen gas. 

H. de Saussure made a series of experiments to 
determine the relative fusibilities of mineral sub- 
stances^ and calculated in degrees of Wedgewood's 
pyrometer, the temperatures at which these different 
bodies begin to fuse, from the proportion which the 
diameter of the largest volume of each mineral that 
he could fuze into a globule, bore to the diameter of 
the largest globule of silver fusible at a known 
temperature. His tables are certainly very valu- 
able, but since they cannot ftimish useM indica- 
tions in such experiments as we are treating of, 
and as the results they present are at most but ap- 
proximations, I shall say no more about them. 

Certain substances, particularly certain minerals, 
undergo a change of form and aspect before the blow- 
pipe, without, however, entering into fusion. Some 
swell up like borax, or form ramifications which, 
taken altogether, have the appearance of a cauli- 
flower. Of these substances, some fuse after intu* 
mescence, others retain that state without ftising. 
Other mineral substances throw out a sort of foam 
whilst fusing, and afford a blebby glass, which, al- 
though very transparent in itself produces in mass 
the effect of dull glass, from the multitude of air 
bubbles which it contains. 

This intumescence and foaming do not take 
place, in most minerals, till they have acquired the 
temperature at which the whole of their water is 
driven off: the ramifications seem to result from a 
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new state of equilibrium between the constitueiit 
parts of the bodies, produced by the heat ; as to the 
iiitumescen^, and the production of foam which 
^sues after fusion, they can only belong to the 
^^ansion of a component part of the substance 
^ich is volatile and assumes the gaseous form, 
although these phenomena often occur with com^ 
pounds in which analysis fails to detect the pre* 
sence of any similar matter. They take place 
chiefly in the double silicates of lime or alcali, 
and alumina. Sometimes they disappear after a 
few moments' blowing ; at others they last as long 
as the substance remains liquid. In the latter 
ease it appears that the assay takes carbonic add 
from the flame, which is transformed by the con- 
tact of the charcoal into carbonic oxide, and that 
it is this which fills the blebs. The cause of these 
various kinds of intumescence deserves particular 
investigation ; as long as we remain ignorant of it, 
we cannot flatter ourselves with having a thorough 
knowledge of the bodies that present this species 
of phenomenon. In the mean time it affords a 
good character by which to distinguish substances 
that in other respects are alike. 

In the use of fluxes, we must be careful not to 
suspend the blast too soon. A substance may seem 
to be infusible at the beginning, which by degrees 
yields to the action of the flux, and at the end of 
two minutes enters into perfect ftision. Moreover, 
we must put only small portions of it to be ftised 
at a time, and wait till the first has undergone 
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ike acti(m of the flux, hefoxe we add a seeoHc^ so 
that, in short, the glass produced may attam a 
degree of saturation beycmd which it can dis- 
laohh no in<»re of the assay; when the glass is 
thus fiaturated it often presents manifest effects 
which could not be produced with the glass not 
saturated^ 

When operating with fluxes before the reducing 
flame, it sometimes happens that the assay globule 
oxidates as the charcoal cools, and we thus lose the 
fruit of our first process. To obviate this incon- 
venience, we turn the charcoal upside down, so 
that the globule, still fluid, may fall on some cold 
substance, as the iron- tray under the lamp, or, if 
that cannot be done, we pour a drop of oil over it. 
The use of the oil, however, is productive of 
another inconvenience, — ^it frequently carbonizesi, 
and thus renders the glass obscure, which should 
be avoided. 

If the colomr of the frised assay be so intense as 
to appear opaque, we may ascertain its transpa- 
rency by holding the globule in a certain direction 
opposite the flame of the lamp, when we may dis- 
tinguish, even in broad day-light, the reversed 
image of the flame painted on the glass, in the 
colour of the latter. We may also flatten the glass, 
before it becomes solid, between a pair of forceps 
with flat claws, previouSy heated, and if that be 
not sufficient, we must endeavour to draw out 'the 
glass globule, at the instant it begins to cool, into 
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a thread fine enough for its colour to be seen by 
transmitted light. 

According as they are exposed to the outer or 
inner flame of the lamp, and fused alone or with 
fluxes, mineral substances present numerous phe- 
tiomena which must be carefully noted, and form, 
when taken together, the general result of the 
trial to which each individual has been submitted. 
The minutest circumstance of these phenomena 
miistbe attentively observed, because it may often 
lead to^tj^js ^tection of elements whose presence 
. wasr nfE)t; suspected. 

With regard to quite new substances, the advan- 
tage which the operatormayderive from the blowpipe 
in ascertaining their presence and some of their 
properties, depends entirely on the extent of his 
knowledge of chemistry in general, and pyrognos- 
tic phenomena in particular, as well as on his per- 
sonal skill in observing and seizing on whatever is 
characteristic in ihe effects produced. On this sub- 
ject no particular rule can be laid down. — ^When- 
ever we would record the result of an experiment 
with the blowpipe, either for our own instruction 
or that of others, we must always make two expe- 
riments, note down separately the result of each, 
and then compare the two together, for it often 
happens that something which escaped us on a 
first observation, strikes*tis on a second. The 
safest mode is for two persons to make, and note 
down separately, a similar set of experiiftenj;s, and 
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compare their results ; if they agree, they may^be 
considered as accurate, otherwise the cause of dis- 
crepancy must be sought for. A little difficidty 
sometimes attends this sort ni association, from two 
persons not always seeing and denominating colours 
alike. For instance, there were certain shades 
which Gahn always called yellow, or dull yellow, 
and which I persisted in calling red, although we 
agreed as to their fundamental colouil^, pure yellbw 
and pure red. 



DESCRIPTION OF THE PHENOMENA PRESENTED 
BY DIFFERENT MINERAL SUBSTANCES BE- 
FORE THE BLOWPIPE. 

We have nothing to do in this place with the 
non*metallic simple substances, their physical cha- 
racters are sufficient to distinguish them in the 
elementary state, and their properties are supposed 
to be known to those who seek them in their com- 
pounds. Of these compounds, those with which 
we shall first employ ourselves, are the combina- 
tions of their oxides and acids with oxidated 
bodies ; they will be described imder the article 
Salts. ^ --^ 

I shall begin, therefore, with the metals, treating 
principally of their oxides (amongst which I class 
the alcafies and earths), and detail what I know 
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of the- methods bf which they may he distibogmifa^ 
ed. WiA this view I have made a series of new 
and particular researches, in which each substance 
has been tneated individoally. In the course oi 
my experiments I have discovered, in respect to 
mmy of them, characteristic phenomena which. J 
long sought fer in vain, and could never have 
obtained without that continued attention which 
my task, taken as a whole, required* I am persuad* 
ed that when the use of the blowpipe shall become 
more general, others still more precise will be dis- 
covered. I shall now describe particularly the 
phenomena produced by the different oxides in 
their pure state, or, which is pretty much the 
same as to experiments with the blowpipe, in the 
state of carbonates or hydrates. 



A. OP ALCALIES, EARTHS, AND METALLIC 
OXIDES. 

1. Alcalies. 

The alcalies do not afford indications, when acted 
on by the blowpipe, by which they may be ascer- 
tained with perfect certainty. When pure or in 
the state of carbonate, their taste, or their action on 
litmus paper reddened by an acid, is still the best 
test. When in combination in salts, thdr presence 
is ascertained by fusing the salt with spda on 
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jflatina foil ; if no precipitation ensue in the liqui- 
fied mass, we may conclude that the base 6f the 
salt is an alcali. But if the same compound eon- 
tidn bbth an earth and an ah^ I know no 
iniethod of ascertaining the presence of the alcaline 
"paxt by the blowpipe. Neither does it furnish us 
with any characteristic sign by which to distin- 
guish potdssa from soda, unless oxide of cobalt be 
present. (See farther on, Ojnde of Cobalt.) 

Lithia differs from the two alcalies of which I 
have just spoken, in this, that when fused on pla- 
tina foil, it attacks that metal, and leaves round 
the spot on which it lay a dull yellow trace. The 
salts of lithia do not produce the same effect 
unless soda be added, which, by disengaging the 
lithia, leaves it free to act on the platina ; but this 
is a very equivocal character, tot although it takes 
place in a decided manner with a salt of lithia^ 
other bodies also which contain no lithia produce 
it to a certain extent when heated with soda ; and 
soda itself sometimes leaves d trace on platina 
round the spot where it lay. The same phenomenon 
does not occur with potassa ; on the contraryT" when 
added in excess to the assay, it prevents the action 
of the lithia contained in it. The yellow spot may 
be removed by washing the platina with water 
and heating the metal red hot, but we perceive 
afterwards by the frosted appearance of the part, 
that the metal has lost its polish on that spot ; 
this difference of aspect is particularly sensible 
during ignition. 
3 
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Ammonia is seldom an object of experiment 
with the blowpipe. In general we need only mix 
a little soda with the substance supposed to con- 
tain ammonia (which indeed may then be imme- 
diately perceived by the odour of the mixture), and 
heat the whole gently in a matrass ; a sublimate 
of carbonate of ammonia will be formed*: We may 
also heat the assay separately in a glass tube closed 
at one end, and introduce a piece of moistened and 
slightly reddened litmus paper.* 

2. Baryta, 

Alone does not fuse, till it has absorbed a little 

> In default of sufficient characters to distinguish po^d^M, 
soda and Ikhia by the lUowpipe, it seems desirable to state 
the tests by which each may be known in solution. Potassa 
and its salts give with muriate of platina a fine crystalline 
yellow precipitate inclining to orange. The same test pro- 
duces no effect with solutions of soda or lithia, or their 
salts. 

Carbonate of lithia is muci^ more insoluble than either 
carbonate of potassa or soda, requiring at least 100 parts of 
water for its solution. If this be converted into a muriate 
and evaporated to dryness, the residual mass is soluble in 
alcohol, and imparts a crimson colour of great beauty to its 
flame. The negative property of soda with regard to muriate 
of platina and alcohol, will serve to distinguish it from both 
the other fixed alcalies. I may add that the alcaline salts 
should be heated sufficiently to expel all the ammoniacal 
salts, if any be present, before we add the muriate of platina, 
as the latter have a similar action on that test to the salts 
of putassa. C. 
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water produced by the flame.' Its hydrate fases, 
bubbles up, intumesces and ends by solidifying at 
the surface, after whieh it penetrates with a brisk 
bubbling into the mass of the charcoal, where it soon 
loses its water and is transformed into a solid crust. 

Carbonate of baryta fuses very readily into a 
dear glass, which, on cooling, assumes the aspect 
of a white enamel ; on charcoal, it ends by effer- 
vescing strongly, sputters up, becomes caustic and 
is absorded with the same phenomena as the hy- 
drate. Both the hydrate and carbonate, as well as 
pure baryta, produce the following effects with the 
fluxes. 

With boraXf baryta fuses readily with brisk 
effervescence into a clear glass. If we increase 
the quantity of baryta we obtain a dear glass, 
which on cooling becomes covered towards its base 
with little milk-white tubercles; a still further 
quantity gives a clear glass which turns first milk- 
white, and lastly enamel white, beginning at 

^ I shall subjoin in this, a^d several other instances, the 
appearance of refractory substances, after fusion by the gas 
blowpipe, described p. 16. I give the facts as I find them 
in Dr. Clarke's account of the *<Gas Blowpipe;" London, 
1819. 

Baryta, — ** It became fused very readily, and assumed the 
form of a jet Uack shining slag ; its [fusion being accompa- 
nied wiUi a chrtfstUte green coloured JUime^ and in some in- 
stances with a slight degree of scintillation ; at the same time 
dense to^i^e^fM^ff were evolved^ and the supporter'' (forceps 
made of slate) *^ became invested with a white oxide." Gas 
Blowpipe, p. 69* C. 
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the base. The glass, which continues clear cm cool- 
ing, becomes opaque hy flaming. 

fVith salt bJ phosphoruf baryta fuses readily 
with brick eflfervescence, .during w^h the globule 
tosam and swells up ; the intumescence then sub- 
sides, and the assay becomes a dear glass. By in- 
creasing the dose of baryta we obtain a dear glass, 
which on cooling is covered here and there with 
milk-white spots ; by a ftirther addition the glass 
assumes the appearance of enamal on cooling. 

fVith nitrate of cobalt barjrta gives a globule 
which, whilst hot^ has a red Inrown, brick red, or 
rusty yellow colour, according to the quantity of 
nitrate; the colour disappears on cooling. When 
heated again the colour does not return till the 
assay is in fusion ; exposed to the air, it soon falls 
into a clear grey powder. 

3. Strontita. 

Alone^ in the state of 'hydrate, it presents the 
same phenomena as baryta.^ Carbonate of strontita 



* '^ This oxide being much more refractory than the pre- 
ceding" (baryta), " is almost infusible per te even with the 
aid of the gas blowpipe." Dr. Clarke, therefore, mixed it 
into a paste with oil, &c. and after repeated exposure to 
the *' gaseous flame," it began to '< exhibit the appearance 
which the barytes assumed after its fusion, namely, a jet 
black shining substance." Dr. Clarke adds, that during the 
whole of the experiment, the flame is tinged with an in- 
tense amethystine purple colour. The fusion is attended with 
scintillation and the evolution of acrid and suffocating dense 
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fuses with a moderate heat at the surfitcS^ and 
begins to assume a ramified cauliflower appearance 
of dazzUng brightney ; in an intense redudng 
flame it imparts a feeble tint to it, .Hot easily per- 
cdyed by day light; the ramified. portion has the 
taste and effect of an alcalL 

fVith borax and salt of phosphorus it behaves 
like baryta. 

Soda does not dissolve caustic strontita; carbo*^ 
nate of strontita, mixed with an equal volimie of 
soda, fuses into a clear glass which becomes milky 
white on cooling ; in a stronger heat the mass bub* 
bles up, becomes caustic and sinks into the char- 
coal. A larger quantity of the carbonate of stron« 
tita does not wholly fuse, but becomes caustic 
with a strong heat, and is absorbed by the char- 
coal. 

With solution of cobalt strontita exhibits a 
black or greyish black colour, and does not fuse 
like baryta. 

4. I^me. 

AlonCy caustic lime neither fuses nor suffers any 
change ;^ carbonate of lime readily becomes caustic. 



tohitejumesy which the operator must be oaf eful not to in- 
hale." Gas Blowpipe, p. 7S. C. 

* '^ Lime in a state of perfect purity, and in the pulveru- 
lent form> being placed within a platinum crucible^ and ex- 
posed to the flame of the gas blowpipe^ its upper surfece 
became covered with a limpid boiryoidal gfa^h resembling 
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and throws off a brilliant white light; it acqtdres 
alcaline properties^ and falls to powder on being 
moistened. 

fFith borAs. fuses readily into a transparent 
glass, which becomes opaque hy flaming. The 
carbonate fuses with efifervescenoe ; a larger quan- 
tity of lime gives a transparent glass, which crys- 
tallizes on cooling, but not in so r^ular facets 
as phosphate of lead. The glass never assumes so 
perfect a milky whiteness, as those of baryta and 
strontita. *. ^ 

With salt of phosphorus lime fiises in large quan- 
tity into a dear glass, which remains transpareut 
on cooling ; the carbonate ^es with effervescence 
and gives the same result ; if we add a fresh por- 
tion of carbonate of lime to the mass, the carbonic 
acid flies off and the new portion is converted into 
phosphate of lime without losing its form. By a 
long continued blast, the phosphate of lime itself 
dissolves and, on cooling, deposits small crystalline 
needles on the part not fused ; if the glass be com- 
pletely saturated it becomes perfectly milk-white 
on cooling. 

Soda dissolves no sensible portion either of lime 
or its carbonate, but sinks into the charcoal, leaving 
a slightly rounded calcareous mass on the surface. 

hyalite ; the inferior surface was quite black. Its fusion wat 
accompanied by a lambent purjpU flame." Gas Blowpipe^ 

p.47- 

Iceland spar fused, with great difficulty, by the same means, 
into a << brilliant limpid glass." Ibid. p. 48. C. 



With solution of cobalt time girea 4 Uticfc or 
dark gray infusible mass. 

5. Magnesia. 

\4/awe, undergoes no alteration,* 

With bora.v behaves like Ume, but does not 
crystallize so perfectly. 

With salt of phosphorus fuses readily into a 
clear glass, whic^h, when saturated with magnesia, 
becomes milk white on cooling. If not quite satu- 
rated it takes that colour hyjflaming. 

With soday no action, 
• With solution of cobalt^ after a strong blast, as- 
sumes a fine flesh colour, the tint of which is very 
feeble and not easily distinguished till the assay 
is perfectly cold, 

6. Atumina. 
Alone^ appearance not altered.^ 

* Pure magnesia^ " fusion ;jer «^ extremely difficult. When 
the powder is made to adhere (by moisture with distilled 
water and subsequent desiccation) and placed upon charcoal, 
it is fusible into a tiohitisk gk^s, bpt the parts in contact with 
the charcoal acquire an imposing pseudo'tnetaUic lustre.*' 

Hydrate of magnesia » {Purefoliaied magnesia from Ame- 
rica.) ** Thissubstancoiis incomparably refractory ; with the 
utmost intensity of the gas blofuopipey it is ultimately reducible 
to a xiohite opaque enamel^ invested with a thin superficies of 
limpid glass. Its fusion is accompanied with a purple colour- 
ed flame." Gas Blowpipe, p. 53. C. 

^ Pura alumina. '^ Fusible without difficulty into a snow 
white opalce glass.*^ Gas Blowpipe, p. 64?. C 

a 
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fFith borax fiises sbwly into a transparent 
glass, 'which does not become opaque, either by 
cooling 01 Jiaming ; if we add to it a lai^e portion 
of alumina in fine powder, we obtain an opaque 
glass, whose suifiuse is crystalline on cooling, and 
which becomes almost wholly infusible. This glass 
is opaque both cold and hot. 

fFith salt of phosphorus alumina also fuses 
into a transparent glass, which does not become 
opaque at any degree of saturation ; if the propor- 
tion of alumina be too large the unfused portion 
is semi-transparent A mixture of salt of phos- 
phorus and borax, both saturated with aliuninat 
gives a dear glass.^ 

PFith soda swells up a little, forms an infusible 
compoimd, and the excess of soda sinks into the 
charcoal. 

fFith solution of cobalt, with a strong blasts 
gives a fine blue colour, which becomes deeper, 
without losing its beauty, by an additional quan- 
tity of cobalt ; it is not distinctly seen but by day 
light, nor until the assay be cold. 

7. Glucina. 

Alone, no change. 

Borax and salt of phosphorus dissolve a large 
propcnrtion of gludna, and convert it into a clear 

> Those glasses which turn milk white hy Jiaming^ remaiD 
opaque when we mix that formed with salt of phosphorus 
with the oa« formed with Jx>rax. B. 
4 
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glass, which becomes milk white by ftamit^ ; if 
we add a fiirther quantity of gludna, the glass. be« 
comes milk white on cooling. ^ 

With soda, no action. 

fVith solution of cobalt gludna forms a black 
<»* dark; grey mass. 

8. Vttria. 
Its characters resemble those of glucina. 

9* Zirconia. 

Alone^ zirconia, as obtained by calcining its sul- 
phate, emits a more brilliant light than any otha* 
Substance I have tried ; the whole assay is illumi- 
nated by it, and its brilliancy is so dazzling, even 
in broad day light, that the eye can scarcely sup- 
port it. It is absolutely infusible. Klaproth says 
that zirconia agglutinates before the blowpipe, in 
consequence of incipient fusion ; in that case it is 
not pure. 

With boraxy salt of phosphorus^ and soda, its 
habits resemble those of glucina, except that it 
dissolves with greater difficulty in salt of phos- 
phorus, and more readily forms an opaque glass 
with that re-agent. 

10. Silica. 

Alone, no change.* 

I H» de Saussure states, that he.fused silica (rock crystal) 
by the flame of a lar^e candle, blown with a pair of double 



84 KABTHS. 

tFitk borax fuses very slowly into a clear glass^ 
difficulty fiisible and incapable of being made 
cpaque by flaming. 

Salt of phosphorus disBcdfcs but a very emaU 
quantity of ^ca; the glass retains its transpa- 
rency when odd; the unfiised portion is semi- 
transparent. 

fFith soda fiises with brisk e£fervescence into a 
dear glass. 

With solution of nitrate of cobalt, in a certain 
proportion assumes a feeble bluish tint, which 
dumges to Uadk or dark gtey^ by an additional 
quantity of cobalt By this colour silica may be 
distinguished from aluminous- substances. If we 
expose a thin pcMrtion <^ the assay to a strong heat» 



bellows^ the area of whose surface was 62 sqaare inches ; the 
sHica was supported on disthene, and converted into a globule 

of 0.014> diameter. I have never been able to fuse the 
thinnest lamina of silica, either on charcoal or in the forceps; 
and I suspect that in Sau8sure*s experiment the action of the 
support on the assay on the one hand, and the greater purity 
of the au: which supplied the flame on the other, contributed 
to a result that could never be obtained by the common 
blowpipe. B. 

Rock cr^«^a/.—<< The most highly diaphanous specimen 
that could be procured was exposed to the flame of the gas 
Uofoipipe with perfect success. In the first trials the edges 
only were fused, and resembled hyalite. In the second trial, 
the fusion was completed ; the crystal then appeared in the 
form of one of Prince RuperVs drops, having lost nothing of 
its transparency, but being full of bubbles." Gas Blowpipe, 
p. 63. C. 
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that portion fuses with the oxide of cobalt into a 
blue glass ; the part next the fused portion also 
becomes blue, but this colour i^pjwoachics to red^ 
and has nothing pleasant to the eye. 

11. Mobfbdic Acid^ 

Alone^ in 'an inclined tube, it Aises and gives off 
fumes which condense partly on the sides of the 
tube, covering it with a white powder, iand partly 
on the surface of the fiised mass in brilliant pate 
yellow crystals. Heated on platina foil, this add 
fiises and gives off fumes ; the fiised part has a 
brown colour, but becomes yellowish and Grystalline 
on cooling ; in the reducing flame it becomes Uue; 
a violent heat turns it brown. On charcoal it 
fuses, and is absorbed ; a portion of the add re- 
vives by continuing ike blast, and the metal may 
be collected, by pulverising and washing the char^ 
coal, in the form a grey metallic powder. 

With boras, on the platina wire, it fuses in the 
exterior flame into a colourless transparent glass. 
Before the redudng^flame on charcoal, the glass 
becomes dirty brown without losing its transpa- 
rency, and not unlike that which we obtain by a 
mixture of the peroxide and protoxide of iron ; if 
we add a fresh portion of molybdic add to the 
mass, the glass becomes opaque in the redudng 
flame, and a multitude of brown scales of oxide 
of molybdena may be perceived in its interior, ap^ 
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paren^y surrounded by a slightly brownish trans-^ 
parent glass. 

fFith salt of phosphorus it fiises before the^ 
exterior flame on the platina wire into a transpa* 
rent glass, inclining to green whilst hot, but which 
loses its colour on coolings in the reducing flame 
the glass becomes opaque and appears black or 
dark blue, but on cooling it becomes limpid 
and shews a fine green colour, which almost 
rivals that of the oxide of chrome. The same 
colouring effect takes place on charcoal (particu« 
larly if the proportion of add be considerable), both 
in the exterior and interior flame. On the platina 
wire, the green glass may be oxidated by the ex- 
terior flame, when it recovers its transparency on 
fusing. The reducing flame is incapable of sepa^ 
rating any portion of the brown oxide of molyb- 
dena from the salt of phosphorus. Tin does not 
change the colour of the reduced green glass, but 
the metal is observed to swell up in the glass and, 
to a certain extent, combine with the molybdena. 

fVith soda, on the platina wire, molybdic acid 
effervesces and fuses into a clear glass, which be- 
comes milk white on cooling ; if the acid be in 
small quantity, before the reducing flame the 
glass assumes nearly the same colour as glass of 
borax in similar circumstances, but becomes opaque 
on cooling ; if, on the contrary, the glass be super^ 
saturated with molybdic acid and exposed to a 
strong reducing flame, the acid is partly reduced 
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to the state of oxide, partly to^^the metallic fttate ; 
and if we dissolve the saline mass in water, a grey- 
ish brown residium of considerable specific gray|ty 
is obtained, which under the steel poUshe]? exhibit 
metallic brilliancy and the grey colour of iipn. 

Treated with soda^ on charcoal^ molybdic acid i^ 
absorbed as soon as fused, and a large quaptity o(^ 
molybdena, in the state of a steel grey metalUe 
powder, may be collected by pulverisation and 
washing; if we place on the spot v^ere the ass^y 
is absorbed, a fresh portion of molybdic acid ,wi4;h^ 
a very small quantity of soda» and. expose it to i| 
good reducing heat, the. new ^say remains on thi^ 
surface of .the support, and we obtain a grain of 
reduced molybdena and molybdate of sod^^ ^^ 
which the pure metal may be separated by v^asht 
ing. Molybdena, therefore, ccmtrary to the gener4 
opinion, ranks with the easily reducible metals, 
although it does not undergo frision at the s^e 
time that it is reduced. ^ 

12. Tungstic Acid. 

J lone, it blackens, but is not fused by the re- 
ducing flame. 

fVith borax it fiises readily on the platina wire, 
•before the exterior flame, into a transparent 
.colourless glass which cannot be made opaque by 
Naming. With a small proportion of add in the re- 
ducing flame the glass becomes yellowish, the co- 
lour increasing in intensity as it cools, till it is 
quiie yellow. If we add a fresh quantity of acM 
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at the instant it congeals and is converted into m 
frothy mass, in consequence of the liberation of 
gas; the intumescence disappears on a second 
fusion, but the mass swells up afresh on coolings 
This phenomenon ensues whether the assay be 
acted on by the exterior or interior flame, and as^ 
weU on charcoal as on the platina wire ; I have 
not been able to discover the cause of it : it does 
not take place when the glass is transparent. 

Soda gives a dark orange coloured glass with 
oxide of chrome before the exterior flame on the 
platina wire, which becomes opaque and yellow <» 
cooling. In the reducmg flame the glass becomes 
opaque ; after cooling it is green. Charcoal aV 
sorbs it, but I have never been able to discover any 
trace of reduced metal in the absorbed mass. 

14. Antimony and its Oxides. 

Antimony in the metallic state fuses readily on 
charcoal ; when heated red, it remains ignited i| 
considerable time without the action of the blow- 
pipe, giving ofi^ dense white fumes. The frunes 
are gradually deposited and form round the me* 
tallic globule a sort of network of little crystals, 
having a pearly lustre, which at length cover it 
completely. For a few seconds we may perceive, 
by the light of the lamp, the metal in the interior 
of the mass in a state of ignition, after it is per- 
fectly enveloped by the crystalline network of oxide 
of antimony. This oxide fuses when the flame of 
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tlie lamp is directed on it. Metallic antimony^ 
heated alone in a matrass, does not sublime at the 
temperature at which glass melts. Heated to red- 
ness in an open tube, it bums slowly, sending out 
white fumes which condense on the glass, and here^ 
and there present traces of crystallization. These 
ftimes are nothing more than the oxide of the 
metal, and may be driven by heat from one part 
of the tube to another, without leaving the least 
residuum ; but if the antimony be combined with 
sulphur, it forms, besides the oxide, a certain por- 
tion of antimonious acid; which adheres to the sur- 
face of the glass in the form of a white coating, 
after the oxide has been driven off by heat. 

Oa^ide of antimony alone fuses easily and sub- 
limes in the form of a white vapour. This oxide, 
such as is obtained by precipitation, washing 
and drying, often inflames before it fuses, bums 
like tinder, becomes infusible and is converted 
into antimonious add. On charcoal it is reduced 
to the metallic state, colouring the flame greenish 
in the process. 

Antimonious acid does not fiise, but gives out a 
bright light and diminishes in bulk in the interior 
flame, whilst the charcoal is covered with white 
iumes : but it is not reduced like the oxide. 

Antimonic acid whitens on the first impulse of 
the heat and is converted into antimonious acid ; 
if it contain water it gives it off and passes from 
white to yellow; it then by ignition gives off 
oxygen and resumes its white colour. 
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The oxide and the a€ids of antimony presestit 
the same phenomena with the fluxes. 

Borax dissolves a large quantity of antimonious 
acid without becoming opaque. The glass has a 
yellowish tinge whilst hot, but loses it in great 
measure on cooling.* When saturated, some me«- 
tallic antimony sublimes and condenses on the 
charcoal round the assay ; if the glass be strongly 
heated by the reducing flame it becomes opaque 
and greyish, in consequence of the metallic parti« 
cles formed in it. 

Salt of phosphorus forms a transparent colour* 
less glass with the add. On the platina wire, in 
the oxidating flame, the glass acquires a feeble 
yellowish colour which disappears on cooling. If 
it contain iron, it assumes in the reducing flame 
the same red colour as tungstic add) and the ferru- 
ginous oxide of titanium. By a strong blast the 
antimony is reduced and evaporates, and the colour 
disappears. The addition of tin produces a simi* 
lar effect. 

With soda it fuses on the platina wire into a 
transparent colourless glass, which turns white on 
cooling. It is reducible on diarcoal. 

15. Oxide of Tellurium. 

Alone^ on platina foil, it fuses and gives off 

fumes; on charcoal it fiises and is reduced with 

effervescence. The reduced metal may easily be 

coufounded with bismuth and antimony ; under 

3 
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the artddie bismuth, I shall shew how they are dis- 
tinguished. 

fFith borax and the salt of phosphorus on the 
pktina wire, it gives a clear colourless glass, which 
becomes grey and opaque on charcoal, firom a great 
number of particles of reduced metal. 

fVith soda on the platina wire, it gives a colour- 
less glass, which becomes white on cooling. It is 
reducible on charcoal^ 

16. Oxide of Columbium. 

Alone, no change. 

With borax it forms a colourless transparent 
glass, which becomes opaque by flaming, and, if 
the proportion of oxide be large, enamel white on 
cooling. 

With the salt of phosphorus it fuses readily, and 
in large quantity into a colourless glass, which re- 
tains its transparency on cooling 

With soda, it combines with effervescence, but 
without the solution or reduction of the oxide. 

Since the oxide of columbium in these respects 
resembles the earths, properly so called, it might 
easily be confounded with some of them, in an ex- 
p^iment with the blowpipe. Its combination. 



' It is not easy to collect the little globules of tellurium 
into one. In larger operations, the addition of a portion of 
nitre thrown on the hot metal in the crucible or retort, 
w8I assist its fusion into a mass. C. 
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however, with the salt of phosphorus does not he* 
comes opaque on cooling, even though the oxidd 
of columUum be in excess ; whereas the contrary 
is the case with gludna, yttria and zirconia. If 
we add a fresh exceists of the oxide to the salt of 
phosphorus, it spreads itself uniformly over the 
sur&ce of the glass, which then becomes opaque, 
even whilst in fusion ; but the part not fiised does 
not turn milk white ; it becomes semi-transparent 
like silica, from which however it differs in its 
action with soda. Oxide of columbium is distin« 
guished from alumina by the phenomena it pro^ 
duces with borax, and the solution of cobalt ; the 
latter gives no blue colour with oxide of cohim^ 
bium. 

17. Oxide of Titanium, 

Alone, it undergoes no change. 

With borax on the platina wire, it ftises readily 
into a colourless glass, which becomes white milk 
hy flaming. If the proportion of the oxide be in- 
creased, the glass turns white spontaneously on 
cooling. If the quantity of oxide be small, the 
glass first becomes yellow in the reducing flame, 
and when the reduction is complete it assumes a 
dull amethyst colour, which becomes more distinct 
on cooling. This glass is transparent and a good 
deal resembles that of the oxide of manganese 
acted on by the oxidating flame, but inclines rather 
more to blue. With a larger proportion of the 
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oxide^ the glass becomes dull yellow on charcoal in 
the redudng flame, and on cooling acquires so deep 
a Uue colour, that it appears black and opaque. If 
it be then flamed^ it becomes light blue, but 
<^paque and like enamel. The beauty of ,the blue 
tint varies in different assays. These phenomena 
are occasioned by the glass containing both per- 
oxide and protoxide ; the latter tends to give it a 
dark blue colour, and the first, which does not con- 
tribute to its colour, causes it to assume on flaming 
the appearance of a white enamel ; from the mix- 
ture of the white and the deep blue, arises the 
light blue, whose intensity depends entirely on the 
relative quantities of the peroxide and protoxide in 
the glass ; if that of the former be small, the glass 
remains black ; but if it contain only a little of 
the protoxide, it whitens hy flaming. 

Salt of phosphorus dissolves oxide of titanium 
in the exterior flame, and converts it into a cle^ 
colourless glass. In the reducing flame, this oxide 
gives a glass which appears yellowish whilst hot, 
but on cooling, at first reddens, and at last assumes 
a very beautiful bluish violet colour. With too 
large a quantity of oxide the colour is so deep that 
the glass seems opaque, without, however, having 
the appearance of enamel. The colour may be dis- 
charged by the exterior flame. The reduction is 
more easily effected on charcoal than on the pla- 
tina wire, but even on charcoal a well sustained 
flame is necessary, particularly in the assay of mi- 
nerals containing titanium, as sphene. The addi- 
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tion of tin considerably facilitates and accelerates 
the reduction. If the oxide of titanium contain iroi^ 
or if we add iron to a glass coloured by oxide of 
titanium, the violet colour derived firom the pro* 
toxide disappears, and in the reducing flame, the 
glass assimies a red colour similar to that deve- 
loped by the ferruginous tungstic acid. If these 
substances be in small quantity the colour becomes 
yellowish red, but it does not appear till the glass 
b^ins to cool, and generally does not acquire its full 
intensity till the globule is perfectly cold. Such is 
the delicacy of this test, that when the glass contains 
so little oxide of titanium that we cannot decidedly 
ascertain its presence by examining the colour, we 
may immediately perceive it by adding iron, parti- 
cularly metallic iron, when the eflFect is infalUbly and 
unequivocally produced. The glasses of ferruginous 
tungstic acid, ferruginous antimonious acid, and of 
oxide of nickel, also assume the same shade in the 
reducing flame ; but it is easy to ascertain which of 
these substances is combined with the iron. A few 
moments' good blast with the reducing flame is suf- 
ficient to drive off* the antimonious acid ; which 
done, only the tint derived from the iron remains. 
I have already said, that the ferruginous tungstic 
acid gives a glass with tin sometimes green, some- 
times blue ; now if the glass of ferruginous titanium 
be treated with tin, the colour derived from the 
iron disappears, and the violet tint of the protoxide 
of titanium re-appears. That this effect, however, 
may be produced, it is essential that the colour of 
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the glass be not very intense ; if it be, a fresh por- 
tion of the flux must be added. But, since it 
often happens that the colour in question is deve* 
loped by so small quantity of the ferruginous oxide 
of titanium, that the oxide of titanium it contains 
could not alone have produced any sensible eflfect, in 
such case, tin entirely destroys the colour and the; 
action is annihilated. We must then form a glass 
with the assay and the salt of phosphorus, which 
must be completely saturated with the substance^ 
and treat it with tin ; in this, way we may fre^ 
quently succeed in developing the colour derived: 
from the oxide of titanium, particularly after the 
glass is quite cold. The effect produced by the 
oxide of nickel is distinguished from the preced-, 
ing, by its attaining its maximum wh^n the glass, 
is hot, and disappearing almost wholly on cooling, 
and by its being the same both in the exterior 
and interior flame, whereas the effect produced by 
the other substances disappears in a good oxidating 
flame. The modification produced by iron on 
oxide of titanium and tungstic acid, does not take 
place with borax. . . 

With soda, oxide of titanium ftifiies with effer-^^ 
vescence and sputtering, into a dull yeUow trans- 
parent glass, which is not absorbed by the charcoal, 
and becomes white, or greyish white on cooling^^ ' 
This glass has the property of crystallizing at the > 
moment it ceases to be ignited, disengaging at tlie 
same time so much hfeat, that, the globule ignites 
afresh, and even becomes white hot. The same 

H 
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phenomenon occurs with all hodies that crystallize 
at a high temperature, as, for example, phos- 
phate of lead, hut I have never seen so much 
l%e»t deydqped by erystalKzation, as in the precede 
ing instance. The intensity of the phenomenon 
depends chiefly on the soda and oxide being ex- 
actly in the proper proportions. If we employ 
more oxide of titanium than the soda can dissolve, 
80 that the parts not fused remain suspended in 
the glass, the phenomenon does not take place; 
but if we then add small successive portions of 
soda, till the exact quantity necessary to fuse the 
imde be attained, it appears in all its brilliancy. A 
further quantity diminishes the effect, and with a 
large excess of soda the whole mass is absorbed by 
thecharcoaL 

Oxide of titanium is not reducible with soda on 
charcoal I used in my experiments the oxide of 
titanium extracted from French rutilite by Lau- 
^er^s process, and in every trial to reduce it I ob- 
tained some flattened grains of a white, unmagne- 
tic malleable metals having all the appearances of 
tin ; I found afterwards that when this oxide of 
titanium has been jligested in hydrosulphuret of 
ammonia, that reagent separates oxide of tin from 
it 1^ solution, which remains after the water has 
been evaporated and the dried mass roasted, and is 
eaoly reduced to a metallic globule. 

Wiihsoluium of cobalt^ the oxide of titanium^ 
asaumes a black, or greyish black colour. 
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18. Oxides of UraniUfH^ 

Alone, the peroxide of ttfidiittm blackens, and 
passes to the state of protoxide, but does not fuse« 

fFitk boraXi it fuses into a dark yelloilr glass^ 
which becomes dirty giieen iii the reducing flain^t' 
The yeflow colour may be restored by the oxidM^' 
ing flame on the platitia vrire; dH ehftiNsO^ the 
operation is very difficult; "The gitetn gla8§» at A* 
certain d^ee of satUi:atioii» become^ black by 
Jlamingi but neither crystaUihe, libr like eiiameL 

With salt of phosphorus to the platina wire, itf 
fuses in the oiddating fl^me into a transparent ye^ 
low glass, whoi^e colour fades to eooling, and at \sM 
becomels straw yellow with a slight tilige of gteen. Ifl 
the reducing flame it gives a fine green glas6, WhOs^ 
colour increases in beauty by Cooling. Oil char« 
coal it is difficult to obtain any Other thali a gteeti 
colour, although its inteiil^ity diminishes in th^ 
oxidating flatne. 

Soda does not dissolve oxide of uranium. With 
an exceedingly small quantity of this flux, BotM 
signs of Aisito are perceptible ; a larget ^rtion 
gives the assay a yeUoWish brown colour, ^fiingf 
from the formation of ^n oxide, Whieh satur&teif 
the alcali like an add ; with a still larger cjuittitity 
of soda, it is absorbed by the eharco^, iHit Hot f«M 
duced. Traces of tin are commonly found in the 
assay if that metal hate lidf hdea previously se- 

H 2 . 
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parated from the oxide by sulphuretted water/ or 
hydrosulphuret of ammonia. 

19. Oxides of Cerium. 

Alpne, the protoxide passes to the state of per- 
oxide. The latter suffers no change even in the 
reducing flame. 

Borax dissolves the oxide in the exterior flame, 
and forms a beautiful red^ or deep orange yellow 
glass, whose colour fades on cooling, and is ulti- 
mately reduced to a yellowish tint ; by flamingo 
the glass becomes enamel white. In the reducing 
flame it loses its colour. With a larger proportion 
of oxide, in the reducing flame the glass turns 
spontaneously enamel white, and becomes crystal- 
line on cooling. 

With salt of phosphorus the oxide fuses into 
a fine red glass, which loses its colour on cooling, 
and becomes as limpid as water. In the reducing 
flame the glass becomes colourless, but never dis- 
solves enough of the oxide to be opaque on cool- 
ing. 

With soda J it does not fuse ; the soda is absorb- 
ed by the charcoal, and white, or greyish white pro- 
toxide of cerium remains on the surface. 

The effects of oxide of cerium very much re- 
semble those of oxide of iron, especiaUy if the ce- 

' l^li^on of sulj^iuretted hydrogen. C. 
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iiuin be combined with silica, for that substance 
prevents the glass which it forms with borax from 
losing its transparency ; the protoxides of iron and 
cerium, however, do not behave alike with respect 
to the fluxes ; nevertheless, when in simultaneous 
combination with silica, as they usually are, the 
presence of oxide of cerium cannot be ascertained 
by the blowpipe. 

20. Oj^ide of Manganese. 

Alone, does not fuse, but turns brown in a strong 
heat. 

fFith boras, fuses into a transparent amethyst 
coloured glass, which loses it% colour in the rediic-^ 
ing flame. If the proportion of oxide be large, 
the instant we discontinue the blast the reduced 
glass must be thrown on a cold body ; it would 
recover its colour if cooled slowly. With a very 
large proportion of oxide, in the exterior flame, the 
glass ultimately assumes so deep a colour, that it 
appears black ; but when dratm out to a thread 
its transparency is evident. 

With salt of phosphorus it fiises easily into a 
transparent glass, odourless in the reducing flame, 
and amethyst red in the oxidating, but never so 
deep as to render the glass opaque. Whilst in 
frusion in the exterior flame, whether on the pla- 
tina wire or on charcoal, the glass boils up and' 
gas is disengaged. This effervescence ceases in 
the reducing flame, but inunediately begins again 
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by (exposing tihe glass to the oxidating flame. We 
mny explain this phenomenon, by saying, that th^ 
glass globule is peroxidat^ at the surface ; that its 
lotatory motion carries the peroxide into the interior 
of the mass, when the oxygen is expelled by the 
phosphoric add, at the $ame time that the salt of 
peroxide is converted into salt of protoxide. Hence 
also, the salt of phosphorus never acquires the ame« 
thyst colour beyond a certain extent, for the glass 
can only contain a certain quantity of salt of per- 
oxide. In general, the metallic glass formed with 
borax is more easily retained in the oxidated than 
in the reduced state ; the glass made with salt of 
phosphorus, on the contrary, rather preserves a 
state of complete reduction, and cannot be perfectly 
oxidated, 

If the glass of &lt of phosphorus and oxide of 
manganese, contain so small a portion of the latter 
that it appears colourless, the colour may be deve- 
loped by applying a crystal of saltpetre to the fused 
globule, in the manner described under the article 
saltpetre (page 58). The saltpetre causes the 
assay to foam up, and the foam on cooling assumes 
an amethyst or pale rose colour, according to the 
proportion of the oxide of manganese. 

fFith soda on the platina wire, or foil, oxide of 
manganese fuses in very small quantity into a green 
transparent mass, which fixes on cooling, and be-* 
comes bluish green. The experiment succeeds best 
on the foil ; for as the oxide of manganese dissolves 
In thd soda, the liquid mass flows over the sur&ee 
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of the platina, whence its colour is easily seen aft^ 
it is cold. Oxide of manganese, not^^ exceeding 
1-1 000th part of the weight of theassay^giveir a 
sensible green colour to the soda ; by means <^ 
this colour the slightest traces of manganese may 
be detected. Manganese is not reducible by soda 
on charcoal ; but if it contain a very little iron, 
that metal may be reduced and separated in the 
usual manner. 

21. Ojride of Zinc. 

AlonCy it assumes by heat a yellow colour, dis- 
tinctly visible by day, but not by caudle light. Its 
white colour returns on cooling. It does not fiise, but 
gives out a brilliant light whilst in the state of in- 
condescence, and is gradually dissipated before the 
reducing flame, a white vapour condensing at the 
same time on the surface of the charcoal. 

With borax it fuses readily into a transparent 
glass, which becomes milky hy Jlaming, and with a 
larger portion of oxide assumes the whiteness of 
enamel on cooling. In the reducing flame the 
metal sublimes, and the charcoal is covered with 
white fumes at a small distance from the glass. 

fVith salt of phosphorus it behaves as with 
borax, except that it i^ not so easily reduced and 
sublimed with the first as with the second. With 
regard to its re-actions, it resembles most of the 
earths, properly so called. 

So(h does not dissolve it ; but when treated with 
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tbat reagent on charcoal, it is reduced, and covers 
the support with vapours of zinc; with a good heat 
the zinc may even be inflamed. This is the prin- 
cipal character of the oxide of zinc; and in those 
minerals which contain it, as for instance, gahnite, 
\t is from the white fumes which cover the char- 
coal, when they are acted on by soda, that we 
facertain the presence of this oxide. 

fFith solution of cobalt it gives a green colour. 

22. O^vide of Cadmium. 

Alone, on platina foil, in the exterior flame it 
nmdergoes no change. On charcoal it is dissipated 
in a few seconds, and the charcoal is covered with 
a red or orange yellow powder. This phenomenon 
is so marked with oxide of cadmium, that minerals, 
which, like carbonate of :^nc, contain one or twq 
per cent, of carbonate of cadmium, when expose^ 
for a single instant to the reducing flame, deposit, 
at a little distance from the assay, a yellow or orange 
coloured ring of the oxide, most distinct when the 
charcoal is cold. This ring forms long before thq 
oxide of zinc begins to be reduced, and if flocculi 
of that metal appear at the same time, it is a proof 
that the blast has been pushed too far ; but if we 
ean discover no yellow trace before the fumes pf 
zinc begin to condense on the charcoal, we m^y 
conclude that the assay contains no cadmium.' 

> I am indebted for the following to the kindness of my^ 
friend, Dr. £• D. Clarke:— If platina foil be tised for the 
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Borax dissolves it in large quantity on the 
platina wire, and gives a transparent glass of a 
yellowish colour, which in great measure disappears 
on cooling ; if the glass be nearly saturated it 
becomes milky by flaming, and if completely satu- 
rated it spontaneously assumes the whiteness of 
enamel as it congeals^ On charcoal it keeps up a 
continual inibbUng, the cadmium is reduced and 
sublimoif^ and the charcoal is covered with the 
yellow pulverulent oxide of cadmium. 

Salt of phosphorus fuses it in large quantity 
into a transparent glass, which, if saturated, be- 
comes milk white on cooling. 

JVith soda, on the platina wire, it does not fuse. 
On charcoal it is reduced, sublimes and leaves a 
circular trace of a yellowish colour. 

23. Oxide of Iron. 

Alone, in the exterior flame, no change; but 
blackens and becomes magnetic in the interior 
flame. 

With borax, in the oxidating flame, it fiises into 
a dull red glass, which- becomes dear on cooling, 
and finally assumes a yellow tint, or entirely loses 

support, instead of charcoal, the yellow or orange coloured 
riQg ig not only conspicuous upon the platina, but by exposing 
it to the point of the bli^e flame, the metal is revived, and 
afterwards deposited upon the platina^ during its combustioo, 
in the form of a protpxidey exactly like polished bronze Qr 
copper. C. 
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its oolonr* If the proportion of oxide be large, tke 
glass is opaque whilst fluid, and assumes an impure, 
dull yellow colour on coolings In the reducing 
flame it becomes bottle green, and if the reduetion 
be pushed as far as possible, it acquires a lively 
bluish green colour, exactly like that of the vitriol 
obtained by dissolving iron in diluted sulphuric 
acid. Tin accelerates the total reduction of the 
peroxide to the state of protoxide. The bottle 
green colour is derived from a mixture of the 
peroxide and protoxide,^ and is sometimes so deep 
&at it appears black. As long as the glass contains 
only the peroxide of iron, it continues transparent 
whilst in fusion; but as soon as it is exposed to the 
reducing flame and the mixed oxide begins to be 
formed, it becomes opaque, and remains so till the 
whole is converted into protoxide, when it resumes 
its transparency. The green colour of the protoxide 
is very beautiful whilst the glass is hot, but it fades 
on cooling, and is imperceptible if the quantity of 
iron be small. 

fFith salt of phosphorus^ it fuses and promts 
ihe same phenomena as with borax, but the colour 
fiides more on cooling: tin makes it disappear 



• ** Oxide Jerrosoiferricum," — a compound, according to 
Beraelius, of one atom of protoxide and two atoms of peroxide* 
I Kave given my reasons in the preface for not adopting my 
author's nomenclature in this and many subsequent instances. 
I do not expect that he will acquiesce in the change I have 
adopted, but, as no disrespect is intended^ I trust he wOl pardon 
me. The English reader, I hope, will pardon and approve. C. 

3 
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slmost wholly* A glass, containing a large quan- 
tity of oxide of iron, gives with tin a pale bluish 
gteeik colour ; sometimes, at the first moment of 
cooling, the vitrious globule has a superficial pead 
grey coating, but this appearance vanishes if we 
jtenew the blast 

Soda does not dissolve oxide of iron, but is ab* 
9orbed with it by the charcoal, where the oxide is 
easily reduced, and, after the ajssay has ceased to 
foam, affords a grey powder which is metallic and 
magnetic 

24. Oside 0/ Cobalt. 

Alone, no change. 

fVith boras, fuses readily into a transparent 
blue glass, which does not become opaque by 
flaming. A small quantity of oxide gives a deep 
coloured glass ; with a larger quantity it appears 
bluck. 

fFith salt of phosphorus it also fuses readily 
into a blue glass; by candle light the colour appears 
violet^ — ^by day, pure blue. Ifthesaltofphos{diorus 
have only a slight blue tint by day, it appears rose 
colour by candle light. 

Soda, on the platina wire, dissolves but very little 
oxide of cobalt ; when viewed by transmitted lights 
the fused mass has a pale red colour, and becomes 
grey on cooling. On platina foil, the fused portion 
of the oxide flows over the surface, and envelopes 
the unfused portion with a thin dull red coating. 
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fFith subcarbonate of potassa^ oxide of coValt 
fuses in much larger quantity, the salt does not 
flow so much abroad, and the congealed mass ifl 
black, without any mixture of red. This might 
be used as a characteristic to distinguish the two 
alkalies, (soda and potassa) if it were not quite as 
easy, and much more certain, to expose the alkali 
we are in doubt about to the air, and observe if it 
become moist or not. 

Oxide of cobalt is very easily reduced in the 
interior flame with an alcali, or an alcaline salt on 
charcoal, though we take so small a portion of the 
re-agent that the mass is not absorbed; but it does 
not fuse. After washing away the soda and the 
charcoal, the residuum is a grey metallic powder, 
which is magnetic, and assimies under the polisher 
the characteristic brilliancy of metals. 

25. Oxide of Nickel 

Alone^ no change. 

With borax it fuses readily into an orange 
yellow, or reddish glass, which becomes yellow, or 
almost colourless, on cooling. With a larger quan- 
tity of the oxide the glass is opaque and dull browir 
whilst in fusion ; but, on cooling becomes dull red 
and transparent, like ferruginous tungstic acid with 
salt of phosphorus. The reducing flame destroys 
the colour and the glass becomes grey, from the 
mixture of finely divided particles of metallic 
nickel dispersed through the mass. By continuing 
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the blast, these particles may be united, but not. 
fused. If the oxide of nickel contain cobalt, asi 
often happens, the colour of that metal prevails ; 
if arsenic also be present it fuses into a bead. 

With salt of phosphorus it fuses with the same 
phenomena of colour, as with borax; but the colour 
almost wholly disappears on cooling. It behaves 
in the same way in the oxidating and reducing 
flame, whence it is distinguished from oxide of 
iron, which it otherwise much resembles in its 
characters before the blowpipe. Tin at first pro- 
duces no change, but afterwards the nickel is pre- 
cipitated, and the colour disappears. Cobalt, if 
present, may then be perceived, but the blue glass 
it affords is opaque ; and, in general, cobalt is i]iot 
so well detected in this manner as with the glass 
of borax. 

Soda does not dissolve oxide of nickel : a large 
quantity of this flux causes it to be absorbed by 
the charcoal, where it is readily reduced ; and, by 
washing, we obtain small, white, brilliant, metallic 
particles, more strongly attractable by the magnet 
than, perhaps, even soft iron. If the proportion of 
soda be small, the mass remains on the surface of 
the charcoal, but the nickel is nevertheless reduced, 
and may be collected by washimg. Pure nickel is 
not fusible by the blowpipe. Nickel containing 
traces of arsenic does not fuse with soda ; but if 
we add borax it fuses into a globule, capable of 
being flattened under the hammer, but whpse. 
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edges connnonly ^lit, and are fiiagnetic in a h%li 



S6. Bismuth^ Oxidt of Bismuth. 

Jlone, on platina foil, oxide of Usmuth fusev 
leadily into a dull brown mass, which beoomeff 
yellowish on cooling. With an intense heat, it 
fuses and perforates the platina. On charcoal, it 
is instantly reduced into one or several metallic 
^obules. 

PFith boraXf in the exterior flame, it fuses inta 
a colourless glass* In the interior flame it is re- 
duced^ and gives a greyish glass, which is obscure 
fix>m the metallic particles dispersed through it. 

Salt of phosphorus dissolves it into a yellowifib 
brown glass, whilst hot; and, when cold, colourless, 
but not perfectly clear. In the reducing flame, 
particularly with tin, we obtain a glass, clear and 
colourless whilst hot, but opaque and greyish 
black when it congeals. Protoxide of copper 
presents nearly the same phenomena under the 
same circumstances, except that it gives a red 
colour. This fact seems to indicate, that there is 
a lower state of oxidation at which bismuth is 
capable of acting as a salifiable base than that 
determined vid humidd. 

* << Mais dont les bords se d6chirent ordinairement sous le 
marteau, et sont magneHques ^ un haut degr6." Does this 
mean that the ai^fs only are magnetic? I give it as I find it. C. 
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From the facility with which bidmuth is reduced, 
it happens that in operating on it by the blowpipe, 
the experiment almost always bears upon the metal 
itself. Hence it becomes very important to know 
how to distinguish it from antimony and tellurium, 
with which it may easily be confounded. 

{aJ) In the matrass neither antimony nor bin* 
muth sublime at any temperature that the glass 
can support without fusing. Tellurium, on the 
contrary, first gives off a few fumes (from the 
oxygen of the atmosphaic air), and afterwards we 
obt^n a grey sublimate of metallic telluriunu 

(A.) In the open tube antimony gives off white 
fames, which cover the interior of the tube, and 
may be driven from one part of it to another 
without leaving any mark. The metallic globule 
becomes surrounded by a considerable quantity of 
fused oxide. 

Telluriiun gives off a large quantity of fumes, 
which adhere to the sides of the tube as a white 
powder, capable of fusion into clear colouriess drops. 
A small portion sublimes, but the whdie of the 
remainder is converted into these little drops, 
which, however small, roll about the surfice of the 
glass when acted on by the heat If the layer of 
white powder be thin, it insensibly disappears diuv 
ing the operation, as if it were sublimed ; but, by 
the microscope, we may perceive that it is converted 
into exceeding small drops. The metallic globule 
is surrounded by a dear, almost colourless, fused 
oxide, which, on cooling, becomes white^ opaque. 
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and foliated, in the thicker parts. With a brbk 
heaty and a gentle current of air, a part of the* 
metallic tellurium sublimes and condenses in the 
form of a grey powder. 

Bismuth (provided it be free from sulphur) gives 
scarcely any fiunes,^ and the metal is surrounded, 
by a dull brown fused oxide, which retains, when 
cold, only a yellowish tint. It acts strongly on the 



(c.) On charcoal all the three metals fly off in 
fiimes by a gentle heat, leaving an areola round 
the spot where they lay. That of antimony is 
quite white ; those of bismuth and tellurium are 
red or orange at the edges. If the reducing flame 
be directed on this mark, it diisappears, and the 
flame assumes a fine deep green colour if the areola 
be owing to tellurium, and a pale greenish blue if' 
to antimony. If the areola be occasioned by bis- 
muth, the flame is not coloured. I should add 
here, that the odour of putrid horse-radish, attri- 
buted to tellurium, is not at all perceptible if the 
metal be pure; it arises entirely from the selenium^ 
which, in some minerals, accompanies tellurium. 

27. Oxides of Tin. 

Alone^ the protoxide, whether pure, or in the; 
state of hydrate, takes fire and bums like tinder,, 
and is converted into peroxide. The peroxide- 

' See Sulphuret of BismtUh, amongst the minerals. B. 
1 
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does not fuse nor suffer any change;^ but is per- 
fectly reducible to the metadUc state by a strong 
reducing flame well kept up without the hdp of 
any re-agent: the operation^ however,^ Requires skills 

With borax fuses with difficulty and in small 
quantity into a transparent glass, which remains 
so on cooling, and cannot be converted into white 
raamel by flaming ; but, if the glass be saturated 
with oxide, and, when completely cold, it be heated 
a&esh in the exterior flame to incipient redness, it 
then becomes opaque, loses its round form, and 
suffers a sort of confused crystallization. The 
colour of the glass does not change in the redudng 
flame. 

With salt of phosphorus oxide of tin fuses with 
difficulty and in small quantity into a transparent 
colourless glass* If we add oxide of iron^ it (the 
oxide of iron) loses the property of colouring the 
glass, but with certain limitations, hx a given 
quantity of oxide of tin, can deprive only a propor- 
tionate quantity of oxide of iron of its colotiring 
power,-— the ea^cess would impart colour to the 
glass as if no oxide of tin were presenjt. Arsenic 
makes the glass opaque. 

fVith soda, on the platina wire, oxide of tin 
combines with effervescence, forming an infusible 
turgid mass, insoluble in an additional quantity of 
soda. On charcoal it is readily reduced into a 
globule of metallic tin. Some native oxides of tin, 

I It seems as if something were omitted here, probably th^ 
words, " in the oxidating flame." C. 

I 
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especially such as contain columbium, are Mt easily 
reduced with soda^ so that, on a first experin[ie]ity 
ime might dodbt its presence ; but if we add a 
small quantity of borax, the reduction is imaM* 
£ately accomplished. 

Tin often occurs in nature^ as an accidental aii4» 
relatively, very small constituent part of the ores id 
oolumbium, titanium and uranium, and perhaps of 
some others, where its presence would be Utile 
suspected in experiments made in the moist way ; 
but when treated with soda in the reducing flames 
particularly after separating the iron, metallic tm 
is always detected even though it enter in no 
larger proportion than 1-SOOth part of the wdglit 
of the ore. If the proportion of iron be inconsi- 
derable, its reduction may be prevented to a certain 
poi|it, by adding^ borax to the soda. 

38. Oj^ide of Lead. 

Alone, minium appears black whilst hot, and at 
an indpient red heat changes to the yellow oxide; 
The latter fuses into a fine orange-coloured glaM^ 
which on charcoal is reduced with efiervesoence to 
a globide of lead* 

fVith borax on the platina vdre, it fuses readily 
into a transparent glass, which, when saturated, is 
yellow whilst hot, but becomes colourless on cooling'* 
It does not retain its globular form on charcoal^ but 
spread over the surface, whilst the lead is reduced 
with bubbling and flows towards the edges. 



Jl^ifh mU of phd^(fr»t H lyisM eadilj^ iAte i 
transparent colourless glass. When saturate it 
n^pMit yeBdwkh ti4ibt liquid and becmne? enamel 
tMtt ofi ^looling. It is n^t lediieed in the int^or 
fiattie unless there lie ftii exm» of oHLlde of le^. 
. ^i(M ^ada on the pl^ina lii^e oidde of lead fiises 
fMdily iiito a tfotiSjMti^t g^las£^ Whidi becomes 
yellowish and c^aqtl^ onr cooling. On charcoal it 
is instintly reduced. 

29. O.tide of Copper. 

Alone, in the ojcidating fiatAe^ ojdde of copper 
fuses into a black globule, which soon spteads over 
the dbarcoal, and is reduced M the lower surface* 
In the reducing flame, and at a temperature not 
sufficient to' fase copper, tibe o!tM^ is reduced^ aM 
displays the metallic brilliancy of that metal ; but^ 
as soon as the blast is Sui^iended, the metallic sitr^ 
face re-oxidates, and becomes bkck or hiown^ In 

1 Oabit^ who had coottdenible c^per works at Filhlutii 
whidt be duperkitcoded with gi eat care,^ dbeerTed that otes 
from different partg of the mine requh-ed different mode* of 
treatment, that the loss of metal in roasting should not be 
excessive. To'ascertain at once if a scoria contained more cop** 
pet than h ought, he assay^ k bf the hfowprpe, by expoimg 
tege tlim scales, fiftt to the Omd$Jdag flame, to burn off tbo 
siilpfaiif , and then to the redueing fiamey in siich a manner a« 
to cause it to cover the whole roasted surface. If a scoria 
eoBtttln copper, points^ striee and ina^k«, having the" colour 
aod brittmney of that metal, are perceptible on the surface/ 
and their quantity indicates that of the oopper in the «I«g« 

I S 
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a stronger heat it ftises into a globule of metallic 
copper, 

fFith bora:v in the oxidating flame, oxide of 
copper fuses readily into a fine green glassy 
which becomes colourless in the reducing flame, 
but on congealing assumes a colour bordering on 
cinnabar red, and becomes opaque. If the oxide 
of copper be impure, the glass usually becomes 
deep brown, and does not assume the appearance 
of enamel unless exposed to an intermitting flame. 
If the proportion of oxide be considerable a part of 
it is reduced in fused globules, which are obtained 
by pounding the glass. 

With salt of phosphorus it fuses and exhibits 
the same shades as with borax. If the proportion 
of copper be inconsiderable, the glass sometimes 
becomes transparent and ruby red, after exposure 
to the reducing flame, nearly at the moment of 
congelation. Commonly the glass becomes red 
and opaque like enamel. 

If the quantity of copper be so small that the 
character of the protoxide cannot be developed by 
the reducing flame, we add a little tin to the assay 
(whether the flux be salt of phosphorus or borax) 
and immediately continue the blast. The before 
colourless glass now becomes red and opaque on 
cooling. If the blast be kept up too long, the 
copper precipitates in the metallic state, particu- 

It is seldom that scoriae are entirely free from copper^ but the 
eye can soon distinguish an excessive, from the ordinary, 
quantity. B. 
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larly with salt of phosphorus, and the colour is 
destroyed. 

fVith soda on the platina wire, oxide of copper 
fiises into a fine green glass, which loses its colour 
and transparency on cooling. On charcoal the 
mass is absorbed and the oxide reduced. There 
is probably no other possible method of discovaing 
such minute proportions of copper as may be de* 
tected by the blowpipe, in all cases where it is not 
combined with other reducible metals, liable to 
disguise its properties. In the latter case we must 
employ borax and tin. If copper and iron be found 
together, the same operation reduces each separately 
into distinct particles, which may be known by their 
respective colours^ and separated by the magnet. 

30. Mercury. 

All the combinations of mercury are volatile, 
and consequently cannot be acted on by fluxes. 
Substances containing mercury are assayed by 
mixing them with a little metallic tin, or iron 
filings, or oxide of lead and heating the mixture 
to redness in a glass tube closed at one end. The 
mercury is reduced, and sublimes into the cold part 
of the tube, in the form of a grey powder, which, 
by agitation, collects into little metallic globules. 

31. Oxide of Silver. 
J lone it is reduced in an instant. 
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ff^Uh bora^v i% \» piurtly dissolved aftd pvrtly 
reduced. In the oxidating flame the glass tiinui, 
on cooling, milk white or becomes opaline, accord., 
ing to the quantity of silver difisolveda even if the 
silver have been added in the metallie stata I9 
the reducing fhme iX assumes a gi^yi^h appearance 
from the particle? of reduced aSver disienunat^ 
thr<mgh the mass, 

fVith sait 0/ phosphorus both the oxide and the 
metal» in the oxidatii^ flame, give a yellowiah 
glass, which aceumes the colours of (^al if the 
proportion of ailver be augmented; seen in day«* 
light, by refraction, it appears yellow ; viewed in 
the same manner by candle-light, it has a reddish 
cohmr. It becomes greyish in the reducing flMBoe^ 
.like the glass of borax. 

The other noble metals, gold, platina, iridium, 
rhodium and palladium, have no action on the 
fluxes and are incapable of oxidation. All that 
can be done with them by those reagents, is to 
ascertain whether they contain any of the other 
more oxidable metals, which, combining with the 
fluxes, colour them. We may also ftise tJicm 
with perfectly pme lead and cupel them on bone 
ashes, in order to judge by the colour of the enpd 
loaded with the oxide of lead, if any foreign metab 
be present. Of the noble metals above named, gM 
is the only one that can be obtained in a button ; 
each of the others, after the lead is separated, 
forms a grey, slightly porous, infusible mass, 
which, under the steel polisher, assumes metallic 
l)rilliancy. Pbtifia and palladium ar(^ malleable. 
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B. SUBSTANCES RESULTING FROM THE COM- 
BINATION OF COMBUSTIBLE BODIES. 

1. Metallic Sulphurets. 

They are known by the odour of sulphuroos 
acid which they exhale when roasted on diarcoal, 
or in a glass tube. If the quantity of sulphur in a 
metallic compound be too small to render the odour 
perceptible, we form a bead of glass by foising siHca 
with soda, on which we place a small particle of the 
assay ; if it contain sulphur, the glass, either im* 
medisLtelj or on cooling, assumes a red or yellow 
' colour, according to the proportion of sulphiir. 
But if the colour from the sulphur be concealed by 
colour derived from the metal, the assay must be 
roasted in an open tube, containing in its upper 
part a piece of paper tinged with infusion of brasii 
wood^ which will be bleached by a portion of sul-- 
phur quite insensible to the smell. This process 
should be particularly adopted in roasting the ores 
of antimony, in which it is difficult to distinguish 
the odour of sulphur, on account of the equally 
pungent odour developed by the antimony. 

The principal object in assaying metallic sul- 
phurets, is to ascertain the metal combined with 
the sulphur ; wherefore the latter substance must 
be driven off as completely as possible by roasting. 
We therefore select thin laminae of the assay, on 
which the air has more effect than on equal masses 
of a more solid figure. That they may retain their 
lamellar form, we first heat them gently, so as not 
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to fiise them. If fusion inadvertently ensoe^ it h 
best to take a fresh assay. At a certain point of 
the operation, some sulphurets lose the property of 
fusing ; the heat may then be increased to shorten 
the process and decompose the sulphate, usually 
formed at its commencement. The roasting suc- 
ceeds well on charcoal ; it must not be attempted 
on platina foil, because the foil is frequently acted 
on by the metal. If charcoal be objectionable, the 
operation may easily be performed on a plate of 
mica, taking care to select one that is not too 
fusible. 

We cannot, till the roasting is completed, avail 
ourselves of the effects produced by the fluxes. 
The reduction by soda requires particularly the 
entire expulsion of the sulphur ; if ever so small a 
portion be left, either metallic sulphiu*ets, in which 
the metals cannot be ascertained, are formed, or the < 
metals are dissolved and carried off by the sulphuiet 
of soda^ so that nothing remains in the mortar after 
washing the mass. 

2. Metallic Seleniurets. 

These are more readily known than any of the 
other metallic compounds of the same order, by the 
odour they emit when heated in the exterior 
flame ; the better to distinguish which, the assay 
must be applied to the nostrils whilst hot. This 
odour is very strong and very disagreeable, and 
resembles that of decayed horse radish. The smallest 
portion of selenium may be detected by it. 
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With glass of silica and soda, the seleniurets 
afford the same phenomena a^ the metallic snl^ 
pfaurets, \mt their colour disappears more readily 
t>y a prolonged blast, than that of the latter. 

Selenium may often be easily obtained in the 
metallic state/ by roasting in an open tube. By 
inclining the tube as occasicm requires, we may so 
r^ulate the current of air as to oxidate the metals 
combined with it, whilst the selenium sublimes and 
displays a red colour. If a seleniuret and a sul- 
phuret be found together, the selenium sublimes 
in its elementary state, whilst the sulphur is disen^ 
gaged in that of sulphurous acid. Some Swedish 
galenas contain a smaU portion of selenium, whick 
may be detected in this way. If selenium be mixed 
with tellurium, oxide of telliuium first sublimes, 
and afterwards, nearer to the heated spot, selenium 
is deposited in the form of a red powder. Sul- 
phuret of arsenic sometimes sublimes with all the 
appearances of selenium, but its odour is cUfferent, 

3, Alloys of Arsenic. 

Arsenic is detected by its odour, when heated. 
We must here remember, that it is not aresenious 
acid, but metallic arsenic in its volatile state, that 
emits the odour of garlick. If the arsenic be in 

' If selenium must be a metal, it must; but surely its charac^ 
t.ers do not warrant our considering it as one. It's not being 
fL cppd^ctor of heat or electricity, seem to me decisive. Ci 
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laige praparli^n, the assay fmnes i 
liie odour is peioq>tibIe at a eoaaidenAlei 
ffiieii its quantity is less, after tlie an— y kai 1 
exposed to a good ledvcnig flam^ it wami 
brought near the nose whilst led hot ; if tiha 
poortioa be vary small, its odour csmiak h 
yeied till tltt assay has hem tieated mA aoia m 
the xeducii^ flame. The odour of aiaeBiB la s» 
good a character, that it may even he detected hy 
it in the smaQ portion of smalt, comHUHdy und ti 
giTC a Uue tB^ to paper, by exposiiig the ashes <f 
the paper to the reducing flame. In masting' avse- 
nieal alloys, the opa»ti<m is best b^on in a |^ass 
tube, to the sides of ¥^ch the greater part of the 
arsenic will attach itseli; in the form of a wlnte 
crystalline sublunate of arsenious acid, instead of 
diffiifiing itself through the air. Thae is also 
another advantage in this method— nsBid|f, that 
the odour of the sulphurous acid, if any be present, 
is more parceptible after the gas has deposited its 
arsenic on the glass, \l1ien the greater part (d 
the arsenic is thus separated, the roasting is com- 
pleted on charcoal, using alternately the oxidating 
and the reducing flame; because one part of the 
arsenic combines, as an acid, with the metallie 
oxides, and must be brought back to the state of 
metal by the reducing flame, in order to roast it 
afresh by the oxidating flame. It is, perhaps, even 
more necessary to expel all the arsenic iroia an 
alloy, than the sulphur from a sulphuret, espedaUy 
in experiments of reduction ; for metals containing 
2 
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«i»ieiue are ascertaimed with grettar difficulty tbant 
ibo9B cosftHned with sulphur* 

In roasting arsesical miacaralsj es^e must be 
taken not to expose oneself unnefessaiily to the 
YMffrnts, which are always dang^oua. I eeafess^ 
bowe¥6r» that I have efbm been in ^i^oabees; the 
air of which waa loaded with the smdl ^f arse&ic^ 
without having ever expmeneed any ill eona^^ 
quences, and I have been astooished at seeing the 
workmen at the silver foundries near Freyberg, 
daily immersed in an arsenical atmoe{)here, without 
their health appearing to be injured by it. 

4* Alloys of Antimony. 

When roaated in an open tube they give <^ 
fomes of antimony, the nature of which Varies 
aeeording to tbp metals with winch the antimony 
la combined. If they be vay olddaUe, a large 
portion c£ the antimony paoses off in the state dT 
antiinonious acid, and its vapour is invisible and 
fixed; but if the antimony be combined with 
copper or silver, a volatile sublimate of oxide of 
antimony c(mdenses on the glass; the vapour which 
MEKicapes from the tube has a pungent, but not fcetid 
odour, rising either from the oxide of antimony, 
as it seems, or from the antimonious acid. 

5, Alloys of Tellurium. 

Roasted in the glass tube, they deposit on its 
upper part the same pulvendent coating as pure 
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tellurium. (See Bismuth, p. 111.) The vapMr 
that escapes from the tube has a pungent odour, 
analagous to that of the vapour of antimony ; if it 
have the smell of horse-radish, it is a proof that 
the assay also contains selenium. The pulverulent 
coating, produced by the oxide of telluiium, is 
distinguished from that of arsenious acid, in bdng 
fusible, and not crystalline, whereas the latter is 
crystallme, and volatiUses without fusing, 

6, Metallic Carburets. 

Metallic carburets, analogous to the metallic 
6ulphurets and alloys of arsenic, those, namely, that 
are convertible into carbonates, are not foimd in the 
mineral kingdom. They may be formed artificially 
by the dry distillation of certain salts composed rf 
metallic oxides and vegetable acids, or by heating 
different metallic cyanurets to* redness in close 
vessels ; they have the combustibility of charcoal, 
take fire like tinder, and, in burning, liberate their 
oxides. But these properties are chiefly owing to 
their loose texture. The metallic carburets most 
frequently found in nature, are supersaturated with 
carbon ; graphite is a familiar instance. The only 
characters by which carbon can be distinguished in 
the dry way, are the following: — It biuns away 
gradually without either smell or smoke; pul- 
verised and mixed with saltpetre, it detonates on 
platina foil and leaves a residuum of carbonate of 
potassa. 
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C. CHARACTERISTIC EFFECTS OF ACIDS^ AS 
COMPONENT PARTS OF SALTS. 

From what has been said on the phenomena 
presented by the metallic oxides, separately coil- 
sidered^ we are now able to ascertain the nature of 
the base of any saline compoimd, particularly if it 
be metallic. It remains to show how the add may 
be known. 

1. Sulphuric acid is detected by placing an ex- 
tremely small quantity of the salt to be assayed on 
a globule of silica and soda fused together, or by 
mixing the salt with the soda previous to its fiision 
with the silica. The second process is the easiest, 
but the first is most certain. The sulphuric add 
is reduced in the operation, and sulphuret of sod^ 
is formed ; the glass immediately assumes a dark 
brown tint, or becomes colourless whilst in fusion, 
and red or orange on cooling, according to the 
quantity of salt operated on. 

2. The Nitrates, if fusible, detonate with char- 
coal ; those which do not fuse are to be heated^ at 
first to perfect dryness, and then red hot, in a gl^ss 
tube closed at one end : the tube is soon filled with 
the orange yellow vapour of nitrous add. 

3. Muriatic acid. — I had in vain attempted to 
find a proper test for this acid in the dry way, 
when I was led to the following by an observation 
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of Beigman's; it succeeded beyond my hopes.^ 
We fuse oxide of copper with salt of phosphorus 
into a dark green globule ; we then add iim assay, 
and heat the whde before the Uowpipe. If it 
contain muriatic acid, the globule is surrounded by 
a fine blue flame, incKmng to purple, whidt oon- 
tinues as long as any murii^e acid remains in the 
assay. Notoneof the other mineral adds ptodueei 
a similar phenomenon, and sudi of them as font 
cuj^eoos siQts which do of themselves colour the 
blowpipe flame, lose that property when comlmied 
mnith salt of ^osphorus. For instance, the earthy 
mineral, in which the blue carbonate of copper 
(from Obessy, in France,) occurs, communicates an 
intense green colour to the flame when heated 
before the blowpipe ; but when treated with salt 
of phosphorus, previously saturated with oxide of 
copper, not the sfightest colour is any longer per* 
eqptible in the flame. 

4. lodates. — These, treated in the same manner 
as the muriates, colour the flame with a superb 
deep green. It is well to observe in this ^a^ 
that the salt of phosphorus, as it begins to fbse, 
sometimes throws out little pale green flamei^ 
arising from the combustion of the ammonia; 
and, when heated pretty strongly in the reduenig 



1 Bergman observed, that muriate of copper colours flame 
green — an effect which no salt of copper, formed with the 
other mineral acids, produces. B. 
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flame, it Bgean produces a greenigb hoe; btti lliese 
a^iearaneea caanofe be confoimdcd iiith the bii^^ 
green flame derdoped by an iodate* 

5. jP/tMtei.^^'Sinoe the discovery of flni»rie add 
in many minerals wh^re its presraee was not hsve^ 
tofore suspected^ as in wavellite, hornblende and 
mica, it is beeome important to have the means of 
^tecting it by the blowpipe. This is more difficuli 
with those ccmipounds of which fluoric add is an 
essential part» as fluor spar, topaz, cryolite!, kc^ 
than where it seems only to be an accidental 
ingredient, as in mica and hcHrnblende. From the 
first, fluoric add cannot be expelled by heat; firi^d 
the second, the relati¥e position of their constituent 
parts changing at the moment of ignition, the 
fluoric add is disengaged, and usually carries off 
with it a certain quantity of silica. 

If a mineral be very rich in fluoric add, we mix 
it with salt of phosphorus, previously fused, and 
heat the mixture in an open tube, placii^ it near 
its lower end, so that a part of the eurreat d air 
which feeds the flame may enter the tube : fluoric 
acid vapour is thus formed, which fills the tube, 
and may be known both by its peculiar odour and 
by its corroding the g^ass, which becomes dull 
through its whole length, and particularly at those 
places where the vapour condenses. If paper stained 
red with infusion of brazil wood, be held to the " 
mouth of the tube, it immediately turns yellow.* 

■ According to BonsdorfPs experiments, the flQDrIc« phof- 
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When, on the contrary, fluoric add eziais ia\A 
mineral in small quantity, in combination with s 
weak base and a minute proportion of water^ we 
need only heat the assay in a tube dosed M .one 
end, and containing a small slip of mdatened 
brazil wood paper* The heat disengages the nli- 
cated fluoric add, an unpolished ring of silica 
forms on the glass at a little distance finom lihe 
assay, and the end of the slip of paper becomes 
yeUow ; sufficient indications of disengaged fluoric 
add. In this manner its presence may be detected 
in that species of mica which contains only about 
l-130th of its weight of fluoric add. 

6. Phosphates. The unexpected discovery of 
phosphoric acid in waveUite and laaulite, has 
shown the necessity of a test for this add, the 
rather, since the property of being predpitated 
with the earthy bases, often occasions it to elude 
the investigation of the chemist in expenments 
performed in the moist way. Reflecting on the 
known phenomena presented by phosphate of lead, 

pboric and oxalic acids turn brazil wood paper straw-yellow, 
a property not possessed by tbe sulphuric, nitric, muriatic, 
boracic, &c. acids. But he observed that some of the latter, 
when diluted with a certain quantity of water, also give it a 
yellowish tinge, though less lively, and slowly developed; 
whereas the efiect of fluoric acid is immediate, and the coknir 
a fine yellow. A fluate may often be ascertained^ by merely 
moistening it in a watch-glass with muriatic acid, and, after a 
few seconds^ rubbing a piece of brazil wood paper with the 
mixture, when the peculiar effect of fluoric acid will be 
evident. B 
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I i^ndea^oured to find a method of detecting it by 
means of lead or its oxide; but my researches 
were in vain as to all the phosphates^ except phos- 
phate of copper; I could not accomplish my object 
without previously combining the phosphoric add 
with the oxide of lead in the moist way,*^a process 
inadmissible in the series of experiments I had 
undertaken. After many other fruitless attempts, 
I at length discovered the following effectual 
method. — We fuse the assay with boracic acid, 
and, when the fusion is complete, we plunge the 
end of a little steel wire, rather longer than the 
diameter of the globule, into it, and heat it in a 
good reducing flame. The iron becomes oxidated 
at the expence of the phosphoric acid, whence 
borate of protoxide of iron and phosphuret of iron 
result ; the latter ftises at a pretty high tempera- 
ture, and, at the same time, the assay, which had 
spread itself over the whole length of the wire, 
resumes the globular form: as the globule cools, 
an appearance of ignition is generally seen near Its 
base, arising from the crystallization of the phos- 
phuret of iron. We then remove the globule from 
the charcoal, wrap it in a piece of paper, and strike 
it gently on the anvil with the hammer to separate 
the phosphuret of iron, which we find in the form 
of a brittle metallic globule, attractable by the 
magnet and having a steel-coloured fracture. Its 
brittleness depends on the proportion of the iron; 
it may sometimes be a little flattened under the 
hammer. If the assay contain no phosphoric acid, 

K 
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the sted wife will bum only at the 
project beyond the globule, preserviiigelwwheMils 
finm and brilliancy. 8ince fbvr or five fv cant. «f 
phosphoric acid are insufficient to fiae a mam of 
inm as large as the experiment 
unequivocal^ a proportion not 
quantity cannot be discovered by tfaia 
Before we proceed to detect the 
add, we must ascertain whether tihe 
contain some other substance redudUe 1^ 
and capable of being fused witib it into a i^Utmk, 
as sulphuric, or arsenic add, or metallic CEsidn; 
since, in that case, we should obtain compoHnda of 
ihdr bases and iron. 

7. Carbonates. — ^The dry way fumisiics no test 
iksA can be substituted with advantage fir the 
common one of a drop of muriatic or nitric acid:. 

8. Boracic acid. — I have not hitherto sneoeeded 
in my attempts to discover a test for this add by 
the blowpipe — a thing much wanted, since, as well 
as the fluoric, it often occurs in minerals in very 
small proportion, and frequently escapes detection 
in analyses made in the moist way. 

9. Hydrates are easily known by heating ti^ 
assay in a matrass, when the slightest traee of 
water will colidense in the neck ; almost all sub^ 
jtances give off a portion. 

10. Silicates are decomposed by salt of phos- 
phorus, the silica is disengaged, and the base 
combines with the phosphoric add. If we empkiy 
only a small quantity of the salt of phosphorus^ the 
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i^lica generally sw^ up at the moment of decomi 
position, and Absorbs the liquified mass; by a larger 
portion of the flux, the whole may be changed into 
a globule, holding in suspension Hoe tumefied send^ 
transparent silica, which is more distinctly seen 
whilst the glass is ignited than after it is cooL 
Most of the silicates give a glass, which is trans-^ 
parent whilst in fusion, and becomes opaline on 
cooling. If the assay contain but Httle silica, it 
generally dissolves entirely in the flux. 

Evay earthy or stony substance which, urtth 
aokla, fases with efferv^cence into a transparent 
glass that retains its transparency on cooling, is 
either silica, or a silicate in which the oslygen ' of 
the silica is, in general, to the oxygen of the base, 
as two (at least) to one. The glass of silica and 
soda has the property, therefore, of dissolving as 
much of the base as the soda takes from the silica. 
But if the assay contain only a small quantity of 
silica, if, for instance, the quantities of oxygen in 
the silica and base be equal, the decomposition of 
the silicate and the formation of the glass take 
place indeed, but the quantity formed is no longer 
sufficient to dissolve the base, whose pores absorb 
the glass. A phenomenon often occurs, in that 
case, which seems a perfect paradox — ^namely, that 
a mineral may form a transparent glass with a very 
small quantity of soda, which, with a little mofe, 
becomes opaque; and, with a still larger quantity, 
infusible. This phenomenon commonly occurp 
with the fusible silicates, whose bases, although 

K 2 
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infusible alone, fonn, as well as soda, a glasit^ yn&L 
silica. A small quantity of soda displaces a smaQ 
quantity of the inAisible base, which, however, still 
remains in solution ; every successive addition of 
soda liberates a fresh portion of the base, and the 
mass thickens and swells up more and mare^ 

This relation between the phenomena lesolting 
from diflferent proportions of silica has no exception, 
and always occurs vnth silicates having the same 
base ; but different bases behave differently in this 
respect As the silicates, for the most part, are 
double salts, whose bases are often combined in 

* In other words, suppose an atom of any base, capable of 
forming a glass with silica, but infusible by itself, be iinited 
in a mineral with an atom of silica; on heating the compound 
with soda, the result will be a fusible, triple compound, for 
** the glass of soda has the property of dissolving the quantity 
of base which the soda takes from the silica," and the globule 
will be transparent If two or more atoms of silica be united 
with one atom of the same base, it will still give a transparent 
glass ; but if there be two atoms of base to one of silica, or the 
base be in excess in any other proportion, it will afford a result 
with soda, more or less opaque and infusible, according to the 
more or less perfect abstraction of the silica from the base by 
the superior affinity of the soda, and to the quantity of base ; 
provided always, that the base be incapable of forming a fusible 
transparent compound with the soda. The explanation in the 
text is founded on views peculiar to the author, by which he 
has endeavoured to establish as a chemical canon, that, ** In 
combinations of two oxidated bodies, the relation between 
them is always such, that the oxygen of one of them is a 
multiple by one, (equal to) two, three^ &c. ; that is to say, by 
a whole number of the oxygen of the other." — (Essai sur la 
Theorie des Proportions Chimiques, Paris^ 1819, p. 34.) C. 
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unequid proportions, it happens that two bases, 
which, in a certain proportion, readily form a 
glass with soda, in another produce it with great 
difficulty.^ 

11. The seleniateSf arseniates^ molybdates, 
tungstates and chromates, and those compounds, 
in which the oxides of titanium and columbium 
play the part of acids, are known by the characters 
already described. Thus the seleniates and arse- 
niates are recognised by the odour they emit in the 
reducing flame, the same as the metallic seleniurets 
and the alloys of arsenic; the others are sufficiently 
marked by the effects produced by their acids, 
which have been individually described. 

' Here follow some illustrations, couched in the theoretical 
language, and perplexed with the mineralogical signs, peculiar 
to our author, which I have thought it better to omit, as I 
shall do all the similar signs that occur in the following de- 
scription of the action of the blowpipe on minerals ; substitut- 
ing for them^ when I may find it necessary, the composition 
of the mineral in words at full length. (See preface.) C. 
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DESCRIPTION 

PHENOMENA PRESENTED BY MINERALS 

WHEN EXPOSED TO THE 

ACTION OP THE BLOWPIPE, 



ORDER I.-^METALLOIDS,' 

Of the minerals belonging to this order, there is 
only one that we have occasion to examine with 
the blowpipe, 

> Although I have not scrupled to abridge some things 
pretty freely (especially in the description of apparatus) in 
the preceding pages^ I should not think myself justified in 
disturbing the author's arrangement in the classification of 
minerals, in the remaining part of this work. I give it, 
therefore, exactly as it stands, omitting only the signs, and 
adding in the notes an explanation of the meaning he attaches 
to each term, by which his mineralogical orders ar^ distin? 
guished. Thus, metalloides are '^ simple combustible bodieSi 
not possessing the principal characters of metals ; as sulphur, 
boron, and carbon." Nouveau Systeme, p. 183; to which 
work I refer the reader for a general developement of puf 
author's views on the subject. C, 
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Boracic acid &om SasQOf ia Tuscany. (Placed 
on moistened brazil wood paper, it bleaches it in 
the course of half an hour, and turns Turmeric 
paper, wet with alcohol, brown). 

Alone^ on charcoal, fuses into a transparent glass. 
If it contain gypsum, the glass becomes opaque on 
icoding. 



OBDEIi II, — ELECTRO-NEGATIVE METALS/ 

1. Arsenic. 

1. Native arsenic, from Saxony. 

When heated, gives out the smell of garlick. In 
the matrass, metallic arsenic sublimes and leaves a 
small bead of silver. 

Observation. — Many species called native arse- 
nic in various collections, are either bi-arseniurets, 
or mixtures of bi-arseniurets and the metal; for in- 
stance, the scapiform arsenic (stanglicher arsenik) 
from Schneeberg, and testaceous cobalt {Scherben 
kobolt), from Saxony, are bi-arseniurets of cobalt. 

2. Stdphuret of arsenic, red and yellow.^ 

' *^ Metals whose oxides rather act as acids than bases^ 
in the compounds they form with other oxidated substances/' 
Syst^me, p. 183. C. 

^ Realgar and orpiment, — The first composed of 2 atoms 
i>f sulphur, 88» and 1 atom of arsenic, 38 =s 70; the second of 
3 atoms of sulphur, 48, and 1 atom of arsenic, 38 =: 86. Hie 
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Alone^ on charcoal, bums with a pale yeBow 
flame. 

In the open tube, bums and deposits white 
arsenic on the upper part of the tube ; it evapo- 
rates without leaving any residuum. 

In the matrass^ fuses, boils up, and gives a dark 
yellow transparent sublimate ; sometimes the sub^ 
limate has a fine red colour. 

8. JVhite arsenic.^ 

Alone, in the reducing flame it gives off the 
smell of garlick ^ in the oxidating flame it evapo- 
rates without any residuum. 

In the matrass it sublimes without previoiis 
fusion; the sublimate is crystalline. 

2. Chromium. 

1. Earthy chrome. (Chromockra). Amechanical 
mixture of green oxide of chromium, with quartz and 

proportionate weights of the ingredients of those minerals that 
are unequivocally chemical compounds, as sulphurets, salt^ 
&c. are given from the table at the end of the fourth volume of 
Thomson's Chemistry, sixth edition^ assuming hydrogen as 
unity, the number of atoms of each substance corresponding 
to that denoted by the author's signs. The reader will have 
no difficulty in reducing these weights to parts per cent, by 
the common rule of proportion. The analyses of the other 
nainerals, whose composition is not so obviously chemical, 
are quoted chiefly from Phillips's Introduction to Miner- 
alogy, and Jameson's System of Mineralogy. C. 

' Arseniotis acid, 1 atom of arsenic 38, and 3 atoms of 
oxygen, 24f = 62. C. >;/,, /i'x/n 
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transition minerals; from the department of the 
S»one et Loire. 

Alone^ it loses its colour and becomes almost 
white ; it does not fiise, but its sur&ce has a 8cc»d-» 
aceous appearance, which the microsc(q)e shews us 
is formed of yitrified particles and particles not 
fused. 

Borax gives a fine green glass, with oxide of 
chrome ; the nucleus becomes white and fuses with 
great difficulty, 

Salt of phosphorus^ and the oxide, in equal pro* 
portions, give a similar glass, but the colour is less 
intense. The solution is very difficult. 

Soda in large quantity ultimately dissolves the 
earthy chrome. The glass is opaque even whilst 
liquid, and on cooling resembles a dirty yellowish 
grey enamel. 

Observation.-r^The earthly chrome of Elfdalen,* 
which appears to lye in spathose albite, behaves in 
a similar manner, except the difference arising 
from the nature of its matrix. The same may be 
said of the chromiferous clay of Mortanberg, only 
that its whole mass frises in a strong heat into a 
black scoria. 

3. Molybdena. 
1. Sulphuret of Molybdena.^ 

* A porphyry quarry in Dalecarlia. B. 

* Composed of 1 atom of molybdenai 48, and 2 atoms of 
sulphur, 32=80. C. 
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Ahme, on charcoal, it emita the smell of mi; 
phurous acid, fumes, and leaves a pulverulent de» 
posit on the surface of the support, particularly at 
the beginning ; it bums with great difficulty, hi 
central parts resistmg a long conthiued blast 

fFith saltpetre^ it detonates and fulminates in the 
spoon, dissolves in the fused salt, and leaves a le* 
siduiun composed of yellow flakes, which may be 
obtained separately, by washing away the salt; 
they behave before the blowpipe like molybdate of 
iron. 

In the open tube gives no sublimate, but the 
glass close to the assay becomes obscure. 

2. Molybdic acid, in the form of a very light 
yellow coating on sulphuret of molybdena. Its 
characters resemble those of pure molybdic add ; 
but, treated with soda, it sinks into the charcoal, 
leaving a residuum of protoxide of iron on the 
surface. 



4. Antimony. 

1. Native antimony from Sala. 

Behaves like pure antimony, and is dissipated 
in fumes without leaving any residuum. 

2. Sulphuret of antimony black and red.* 

1 Black sulphuret, composed of 1 atom of antimony, 45, 
and 3 atoms of sulphur, 48 = 93; the red calculated by Berze- 
•lius^ to consist of 1 atom of oxide of antimony 69, and 2 
atoms of sulphuret, 186 = 255. He considers that antiiaony 
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. ' Alone, fiises readily on charcoal, which absorbs 
it and at the same time becomes covered with a; 
Utack vitreous mass. After blowing a few seconds, 
metallic globules, apparently a subsulphuret, form 
in the charcoal^ which do not bum like the piure 
metal, but blacken and tarnish at the siuiace ber 
fore they are cold. 

In the glass tube, it first gives by roasting a large 
quantity of antimonious acid; then a mixture of anti-* 
monious add and oxide of antimony (the latter abun-* 
dant) sublimes. This phenomenon is very remark* 
able, for the pure metal gives only oxide, and the 
sublimate is wholly volatile. The air which issue&i 
from the tube smells of sulphurous acid. 

3. Alloy of arsenic and antimony,^ testaceous 
antimony from PouUaouen. 

Alone, in the matrass, it first gives off much 
metallic arsenic, then fuses and ceases to sublime. 
If we remove the globule of metal, and heat it to"^ 
redness on charcoal, it bums with the same pheno* 
mena as antimony, but the fumes have a strong 
odour of arsenic, Lastly, these fumes crystalliip^ 
round the metal, but the crystals axe whiter and 
in larger plutes, than those of pure antimony ; by 

combines in three proportions with oxygen — the first, oxide 
of 'antimony, gives 1 of antimony +3 of oxygen, — the 
second, antimonious acid, 14-4, the third, antimonic acid, 
1+5. See tables, Nouveau Syst^me, p. 194*, or his ^^Essai 
sur la Theorie des Proportions Chimiques** C. 
* ^ One atom of aiHimony, 45, and 2 alLoins of arsenic, 
7l6 36mr.C, . 
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a prolonged blast Ae whole of the assay i» dissi- 
pated in fumes. 

4. Cryitallized (Kvide of antimony behaves in 
erery respect like pure oxide of antimony. 

Antimonious acid derived from the sulphuret of 
antimony* 

Alone, in the matrass, it gives oflF water ; it is, 
therefore, an aqueous add. It is not redudble on 
charcoal, but a slight sublimate of antimony rises. 

fFith soda, it is reduced to metallic antimony. 
By collecting the globules and subliming them on 
charcoal we find if the antimonious add be pure 
or not. 

5. Titanium. 

1. Anatase from Oisans. 

It behaves like perfectly pme oxide of titanium. 
We may remark, that in general the native oxides 
of titaniiun dissolve with difficulty in salt of phos- 
phorus, and that the portion not fused becomes 
white, semi-transparent, and has the appearance of 
a salt mixed with the mineral. 

2. Rutilite and acicular iitanite behave like 
oxide of titanium, but the hyacinth colour they 
give in the oxidating flame, is never so pure as that 
of anatase. Treated with soda on platina foil, 
they colour the edges of the flux green, — a proof of 
the presence of m*^' ganese. 

Remark. — The rutilite c " Karingbricka some- 
ti- ^s give a chrome-green glass with the fluxes^ in 
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die oaddbt]]^ flame; fused with soda on the phtma 
finl, it takes a yeDowish odour in the same flame* 
Sometimes^ howerer, we can obtain no ei^denoe of 
itseontainii^chimne; it seems, therelbie» to be an 
accidental and Yariafale ingredient. 

6. SUicium. 

Silica in aQ its fi)nns ; as rock crystal, quarts 
agate, flint, calcedony, camelian, &c 

I shall not here describe the eflfects peculiar to 
each ci these numerous varieties, in which some^ 
times small qualities of metal produce difiPerences in 
colour. Their general habits are those of silica, 
which hare been described already. Some varie- 
ties, as opal and resinite, also give off water when 
heated alone in the matrass. But this appears to 
be merdy hygrometric water; similar to that in the 
dried portions of silica obtained in the analyds of 
certain minerals, and which varies with the state 
ixf the atmosphere. 



OSDES m. — ELECTBO-POSITTVE METALS.^ 

DIVISION I. — ^MBTALS PROPERLY SO CALLED. 

1. Iridium. 
Allay of osmium and Iridium. In the form ei 

« Electro-pasUivemeiaU. ^^etals whose oxides act rather 
as bases then as acids. S3rstdnie, p. 1 83. C. 



I 
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wldte spangles, collected firom the grains of native 
platina. (Furnished by Dr. Wollaston.) Tluif 
alloy suffers no change^ whether it be treated alone 
er mth the fluxes : having expesed it to a stnxig 
heat in the open tube, I thouj^t I perceived the 
smell of oxide of osmium ; but it was too faint to 
be set down as a characteristic effect 

2. Platina. 

Grains of platina. — They suffer no change 
alone, or with fluxes* The phenomena derived 
from foreign substances mixed with the grains, are 
not to our present purpose. 

3. Gold. 

1. Graphic gold, (Schrift-erz), from Nagyag.' 
AlonCy on charcoal, fiises into a dark grey 
metallic globule ; covers the charcoal with white 
fumes, that disappear before the reducing flame,' 
giving out a green or bluish light. By a pro- 
longed blast we obtain a clear yellow metallic par- 
ticle, which at the instant it solidifies becomes for 
a moment red, or even white hot. When cold 
it is very brilliant and malleable. 

In the open tube it deposits fumes which are 
white every where except close to the assay, where 

< *^ It consists of tellurium 60, gold 30^ silver 10. Klap- 
rothr^(PhiUips). C. 
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they are grey. They consist of sublimed tellurium; 
These fumes are converted into liquid globules 
when the flame is directed on them. They have 
a pungent odour, but not at all similar to that of 
putrid hcxrse-radish. 

2. Telluriferous and plumbiferous gold. (B&U 
tex-erz), from the same place.' 

Alone^ on charcoal, it fumes like the precede 
ing, and forms a pulverulent deposit on the sup- 
port, but the powder is yellow, and is dissipated 
by the interior flame, giving out a blue colour in« 
stead of green. Lastly, in a strong blast, it affi>rds 
a particle of gold, which ignites at the moment it 
solidifies, and is malleable. 

In the tube it fumes, diffiises a very perceptible 
odour of sulphurous acid, but not the slightest 
smell of horse-radish, and gives a sublimate which 
is grey about the upper part of the assay, and white 
every where else. The portion of sublimate next 
the assay does not fuse like oxide of tellurium, 
but only alters its appearance, and forms a greyish 
semi-fused covering on the glass, in which we can- 
not perceive any liquid globules. If the presence 
of teUurium were unsuspected, we might very 
easily mistake this portion of the sublimate for 
antimonious acid ; nevertheless, the substance in 
question is not so white as that add, which be- 



' TeUure natif auro^plomhif^re. Hauy. Black teUurium, 
Phillips. Tellurium 32*2, lead 54*, gold 9, silver 0*5> coppeir 
1*3, sulphurs. Klaproth. (Phillips). C. 
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has dot Affitcaee^ thafc it does not beesoie 
gRjr and half fosed hf the cflfeet of heat The 
portioii of snHhnate we aic qpeating of is teUii* 
late of lead. Farther tnm tibe assay, the sublimate 
has the fbsibifity and all the diaiacten of oxide of 
idfaiiimii« The metallie i^Ubiile attached to. the 
flde ci the tube;, is smmiui ded by a daik brown 
oodde, that might be taken foot oxide of bismuth, 
but that its coloor seanely nndeigoes any change 
on eoding. 

4. Meremy. 

1. Cinnabar.^ 

{a). Crystallized cmnabar^ fiom Ahnaden, in 
Spain. 

AUmCj on charcoal, it sublimes without leaving 
any residuum, and exhales the odour of sulphurous 
acid. 

In the matrass it sublimes ; the sublimate is 
blackish, its streak is red. 

In the open tube it gives, by roasting, metallic 
mercury and a sublimate of cinnabar. The mer- 
cury condenses farther from the heat than the 
cinnabar. 

In the matrass with soda we obtain globules of 
mercury. 

{b). Mealy cinnabar,^ from Zweibriicken. 

■ One atom of mercury^ 200+2 atoms of sulphur, 52 cb 282. 
C. 

* Native vermilion ? C. 

4 
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Alofie^ in the matrass, it gives off a little ciniia« 
W, and leaves a considerable residuum, in which 
the fluxes detect the presence of a large quantity 
ci iron, as well as some lead, and traces of copper. 

(c). Hepatic mercury (Leber-erz). 

Alone, in the matrass, it gives cinnabar, and a 
black residuum. If the latter be burnt in the 
open tube, it gradually disappears without forming 
any sublimate and without smell, leaving a little 
earthy ash. The portion not volatile is therefore 
analogous to charcoal. 

2. Chloride of mercury.^ Hom-erz, from Al- 
maden. 

On charcoal, sublimes, leaving only the matrix 
that may happen to be mixed with it. 

In the matrass^ gives a white sublimate. 

With soda, in the matrass, gives a large quantity 
of globules of mercury. 

With cupreous salt of phosphorus, on charcoal^ 
it tinges the flame a fine azure colour. 

5. Palladium. 
Native Palladium, from Brazil.^ 

' Muriate (Poxidule de mercure. I need make no apology 
for changing this name. It consists of 1 atom of mercury, 
200 + 1 atom of chlorine, 36 s 236. C. 

^ These trials were made on palladium that had not been 
hammered, and was obtained by reducing the oxide. I know 
no one but Dr. WoUaston who has had an opportunity of 
seeing and examining native palladium. B. « 

I. 
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Carefully heated to incipient redness by the 
spirit lamp on platina foil, its surface assumes a 
blue tint, which disappears on full ignition. 

Alone^ on charcoal^ it is infusible, and unalter- 
able. It fuses with sulphur in the reducing flame. 
In the oxidating flame the sulphur bums off, and 
leaves the palladium pure. 

6. Silver. 

Glanzerz. Sulphuret of silvery from Schemnitz.* 
Alone, on charcoal, fuses and swells up consider- 
ably, forming empty bubbles, but after th^ blast 
has be^i continued for some time, it collects into a 
globule. It exhales the odour of sulphurous acid, 
and at last gives a particle of silver surrounded 
by scoriae, which, when fused with borax and salt 
of phosphorus, give traces of iron and copper. 
2. Red silver, (Rothgiilden) crystallized.'^ 
Alone, on charcoal, decrepitates a little, fuses, 
bums and fumes like antimony, but does not give 
off any smell of arsenic : the production of the 
fumes only lasts a few seconds. 

In the open tube fumes much and exhales the 
odour of sulphurous acid, which is particularly 
sensible at the beginning of the experiment. The 

J^ 1 Composed of 1 atom of silver, 110+2 atoms of sulphur, 
32 = 14.2. C. 

■J^ > Composed^ according to our author's calculation, from 
BonsdorfPs analysis, of 2 atoms of sulphuret of antimony, 
186 + 3 atoms of sulphuret of silver, if26 = 612. C. 



-f <H^^/|V 



OF MINEKALS. 147 

vapour condenses in great measure in the tube, 
and sometimes forms crystals ; it is oxide of anti- 
mony, and may be wholly driven off by heat. The 
globule that remains, after being exposed for some 
time to the exterior flame, gives a button of pure 
silver. 

3. Brittle sulphuret of silver (Sprdd Glanzerz) 
from Saxony. 

Alone^ in the open tube, fuses, fumes but little, 
and deposits small white brilliant crystals of arse- 
nious acid on the sides of the glass, without any 
trace of antimonial vapours. 

On charcoal, forms no deposit ; takes a long time 
in roasting; diffuses, with a good heat, a slight odour 
of arsenic, and parts with its sulphur with much 
greater difficulty than the glanzerz : it gives a dull 
grey metallic globule, which is capableof considerable 
distension under the hammer, but apt to split on 
the edges. If it be treated in this state with the 
glass of silica and soda, the glass assumes the colour 
of sulphuret of soda, and the silver remains pure. 

With soda^ the roasting and purifying of the 
silver is accelerated. 

The silver may, however, be obtained pure, 
without the assistance of soda, by a good oxidating 
flame ; whence it is obvious that the foreign sub- 
stance contained in the assay is volatile. With 
the fluxes only the characteristic effects of silver 
are produced. 

Remark, — There is so striking a difference in 
the force with which silver retains the sulphur in 

I. 2 
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the sprod glanzerz, and the glanzerz, that we seev 
^ priori, it is owing to the presence of a thiid 
substance. According to Klaproth, there are ten 
per cent, of antimony in the sprod glanzerz from 
Saxony. I have not found the slightest trace of 
it; we learn, on the contrary, from experiment, 
that the presence of antimony fadHtates, in the 
highest degree, the separation of the sulphur, and 
we obtain, in that ease, antimonial silver. But, on 
fusing together silver and sulphuret of arsenic, I 
obtained a compound having all the properties of 
the sprod glanzerz. Hence, I do not hesitate to 
consider this ore as a compound of sulphuret of 
silver, with an alloy of silver and arsenic ; and, to 
the latter substance, I ascribe the diflBculty of 
burning off the sulphur. 

4. Antimonial silver (Spiesglanzsilber) and ar^ 
gentiferous antimony (Silber-spiesglanz).^ 

Alone, on charcoal, fuses easily into a grey, brittle 
metallic globule ; gives off fumes like those of pure 
antimony, but less abundant; after a certain portion 
of the antimony is driven off, the surface of the 
globule becomes dull, white, strongly crystalline, and 
it ignites at the instant it solidifies. After losing 
a further portion of antimony, its surface becomei^ 
smooth, like glass similarly circumstanced, and the 
heat it then disengages is stronger than at any 
other moment. Lastly, after a prolonged blasts 

» Tlie first, compesed of 2 atoms of silver, 220, + 1 atom 
of antimony, 45 = 265 ; the second, of 3 atoms of vAvetf 
3304-1 of antimony, 45 = 375. C. 



I 
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nothing remains but silver. During the operation 
a great quantity of antimonial vapour is deposited 
ou the charcoal, and is sometimes reddish in the 
direction of the flame, probably from some sul- 
phurous ingredient, which occasions the formation 
of crocus of antimony. 

In the tube much oxide of antimony sublimes, 
and the residual particle becomes surrounded by a 
dark yellow glass ring. 

5. Electrum^ composed of gold and silver, pro- 
bably in variable proportions. 

Fuses into a more or less pale yellow globule, 
which, with borax and salt of phosphorus, presents 
the same phenomena as pure silver. (See Silver.) 

6. Native amalgam^ from Zweibriicken.^ 

Jn the matrass^ boils up, sputters, and gives off 
mercury ; the residuum consists of a slightly tumi- 
fied mass, which fuses on charcoal into a globide of 
silver. 

7. Chloride of silver.^ 

Alone, on charcoal, fuses into a bead, whose 
colour, according to the purity of the assay, is 
pearl-grey, brownish, or black and scoriaceous. In 
the reducing flame it is gradually converted into a 
globule of metallic silver. 

Chloride of silver is fusible with salt of phos- 

■ Composed of 1 atom of silver^ 110+2 atoms of Mercury 
400 = 510. C. 

^ I have taken the same liberty here as with the author's 
muriate of mercury. This substance is composed of 1 atom 
of silver 110+1 atom of chlorine, 36 = 146. C. 
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phorus, and, if that reagent have been previously 
mixed with oxide of copper, a sky blue aureola 
may be perceived playing round the metallic glo- 
bule : that produced by chbride of mercury, under 
the same circumstances, has a brighter colour. 

7. Bismuth. 

1. Native bismuth , from Schneeberg. 

Alone, fuses, giving off a slight odour of arsenic ; 
in other respects it presents the same phenomena 
as pure bismuth. 

In the open tube gives off a little white arsenic. 
When cupelled, it tinges the bone ashes pure orange 
yellow. 

2. Sulphuret of bismuth. 

a. Sulphuret of bismuth, called native bismuth, 
from Bispberg. 

Alone, in the tube, gives off sulphurous acid and 
a white sublimate ; heated to redness, it boils up, 
and immediately subsides again ; deposits oxide of 
bismuth on the sides of the tube and round the 
assay, like pure bismuth. 

On charcoal, fuses, boils up, and for a short time 
projects little red hot drops. After the separation 
of the bismuth there remains a' small quantity of 
scoriae, which, fused with salt of phosphorus, give 
the tinge of iron. 

b. Sulphuret of bismuth, from Riddarhytta.* 

» Composed of 1 atom of bismuth 71+2 of sulphur, 
32 == 103. C. 
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In the tube, at first a little sulphur sublimes, 
then a small quantity of another sublimate rises, 
similar to the vapour of tellurium, inasmuch as it 
fuses when heated ; but the drops become brown, 
and, on cooling, yellowish and opaque; whereas 
those of tellurium become colourless and transpa- 
rent, at least when they are in a thin layer. After 
a portion of the sulphut is burnt away, the assay 
boils up, and sputters about like the preceding 
sulphuret ; it leaves a regulus of bismuth, which, 
on cupellation, tinges the bone ashes pure orange 
yellow. 

Remark. — It appears from these experiments, 
that the native bismuth, found near 50 years since 
at Gregers-klack, near Bispberg, is properly a sul- 
phuret of bismuth, in which the proportion of sul- 
phur is less than in the sulphuret from Riddarhytta, 
which appears capable of being brought by roasting 
to the same degree of saturation as the preceding. 
The TVasserbleysilber, discovered by Von Bom, 
and which, according to Klaproth's analysis, should 
be a sulphuret of bismuth containing only five per 
cent, of sulphur, is in fact quite another combina- 
tion, as wc shall see presently. 

3. Alloys of tellurium and bismuth. 

a. Alloy of tellurium, selenium, and bismuth, 
from Norway. Native Tellurium of Esmark. (I 
am indebted to M. L'Abbe Haiiy for the specimen 
which was the subject of the following experiments.) 

Alone, on charcoal, fuses into a metallic globule, 
which imparts a blue colour to the flame and ex- 
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halei a strong odour of selenium. A white, puI-< 
virulent deposit, iridescent at the edges, forms oi| 
the charcoalt which disappears before the reducing 
flame, colouring it green. 3y a prolonged blast, 
the remaining metallic globule may be wholly 
dissipated, If a little salt of phosphorus be fiised 
on the spot where the globule lay, it will indicate 
traces of copper. 

In the open tube fuses and gives off a copious 
white vapour, which, after some time roasting, 
deposits a reddish substance in that part of the 
sublimate nearest the assay. This red substance 
is selenium, whose odour is strongly perceptible in 
the current of gas which issues from the tube. 
Heat melts the white subUmate into clear transpa- 
rent drops ; therefore it is oxide of teUurium. A 
metallic globule remains on the glass, which gives 
off no more vapour, and becomes covered with a 
fused mass of ^ brown colpiu-, whichjj pn cooling, 
is opaque and livid yellow; consequently, it is 
bismuth. 

b. Alloy of bismuth and tellurium^ Wasserbleyr 
silber, of Von Bom. (The assay which gave the 
following results, was part of a specimen from the 
collection of the University of Berlin, presented to 
i)pLe by Professor Weiss.) 

Alone^ in the open tube, the assay, in the form 
of a spangle, became brown before it fused, readily 
melted into a globule, and then, for a few seconds^ 
exhaled the odour of selenium ; when ignited, it 
gave off an abundant white vapour, which adhered tq 
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the glaiss, and was fusible into white transparent 
dropsy it therefore was tellurium. Wh«t re- 
mained was a globule of bismuth, which gave no 
more vapour, and, by a prolonged blast, became 
surrounded by a fused brown oxide of bismuth, in 
the same manner as the pure metal. 

4. Oa^ide of bismuth. 

(See Bismuth, p. 150.) It sometimes gives traces 
of iron and copper. 

8. Tin. 

Oxide of tin. 

(See the oxides of tin, p. 112.) The dark coloured 
species, when treated with soda, on platina foil, 
give more or less decisive traces of manganese. 

Remark. — ^When columbium occurs with oxide 
of tin, as at Finbo, near Fahlun, its presence is 
ascertained by two indications ; 1st, the oxide of 
tin reduces with more diflBculty and less perfectly, 
leaving a pretty considerable portion not reduced; 
2d, when dissolved in certain proportion with borax, 
the flux acquires the property of becoming opaque 
by flaming, or even by merely cooling. 

9. Lead. 

1. Sulphuret of lead.^ 

Alone on charcoal globules of lead form on the 
surface after the sulphur is driven off*, till which 

I F One atom of lead, 104? + 2 atoms of sulphur, 32 = 136. C 
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time the assay does not fiise ; we ultimately obtain 
a bead of lead. By cupellation, we ascertain if it 
eontain silver. After cupellation, the colour of the 
bone ashes teach us whether the lead was pure or 
not ; in the first case, it is pure pale yellow ; if 
it contain copper it is greenish, iron, black or 
brownish, &c. The roasting, as well as the cupel- 
Kng, may be performed on bone ashes. 

In the tube galena disengages sulphur, and gives 
a white sublimate of sulphate of lead, which, in a 
strong heat, becomes grey, even in the upper part 
nearest the assay. By a good flame we may fuse 
the sublimate, but it immediately fixes again, and 
gives off no volatile substance. 

Remark. — The galenas of Fahlun, and the cop- 
per ores of Atvidaberg develope the odour of sele- 
nium, when roasted on charcoal; and if the roasting 
be performed in a tube, a small, but very visible 
red sublimate of selenium may be obtained. To 
cflfect this, the roasting must be performed very 
gently, and carried very far, for the selenium does 
not begin to separate till towards the end of the 
, operation. A red ring tlien forms at an inch from 
the assay, and the smell of selenium begins to be 
evident in the upper part of the tube. The sele- 
nium may be concentrated by exposing the part of 
the tube, between the assay and the ring formed 
by the sublimate, to the flame of a taper, so as to 
drive the portion of selenium, which has been 
deposited in the intermediate space, towards the 
ring. If the quantity of selenium be slight, the 



OF MINEKALS. 155 

red ring is scarcely discernible when we look 
across the tube ; but it is easily transferred to a 
dark ground. If the galena contain arsenic, the 
selenium may easily be confounded with sulphtlret 
of arsenic. 

2. Spiesglansbleyerzy Boumonite, Endellione, 
from Bleyberg.^ 

On charcoal^ fuses and gives off fiimes for some 
time, then congeals into a black globule. In a 
strong heat vapour of lead is disengaged and forms 
a circular deposit on the charcoal: a scoriaceous mass 
remains behind, in which the fluxes detect the 
presence of a considerable quantity of copper, a 
globule of which metal may be obtained by soda 
after roasting the lead. 

In the tube the odour of sulphurous acid is 
developed and a dense white vapour, which is 
deposited in great measure on the lower side of 
the tube ; this portion of the sublimate is neither 
volatile nor fusible, but the upper deposit is vola- 
tile. The first is antimonite of lead, the second 
oxide of antimony. 

3. Licht JVeissgiiltigerZi from Freyberg.^ 

< According to the analysis of Mr. Hatchett, this niineral 
consists of lead 4'2'62, antimony S^'SS, copper 12*8, iron 1*2, 
sulphur 17. The specinoen was fronj Cornwall. Phillips, — 
Berzelius estimates its composition as that of 1 atom of sul- 
phuret of lead, 136 + 1 atom of sulphuret of copper (64 + 16) 
80+1 atom of sulphuret of antimony, 93 = 309. C. 

* White silver ore, containing, according to Klaproth's 
analysis, silver 20*40, lead 4806, antimony 7*88, iron 225, 
fiulphur 12*25, alumina 7*0, silica, 0*25, Phillips. — Its tlieo- 
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Decrepitates strongly, fuses easily and gives oflT 
fiimes of lead. 

In the open tube it behaves like the preceding. 
The roasted mineral gives with the fluxes the tint 
of nickel, and sometimes also that of cobalt. With 
borax we obtain a metaUic globule, which, by cu* 
pellation with lead, loses considerably in bulk, and 
leaves a residuum of pure silver. 

4. Dunkel JVeissgiiltigerZy from Sala.^ 

In the open tube behaves like the foregoing; 
after roasting it leaves a mass of scorias which with 
borax gives the tint of iron, and a globule of lead 
containing a very little silver, that may be detected 
by cupellation. 

5. Bl'dttererz. (See Gold, p. 142.) 

6. Oxide of lead, fed and yellow, (See 0.vide 
of Lead, p. 153.) 

7. Sulphate of lead, from Anglesea.^ 
Decrepitates ; on charcoal in the exterior flame, 

fuses into a transparent globule, which becomes 
milky as it solidifies. In the reducing flame it 
effervesces and gives a particle of lead. 

retical composition, according to Berzelius, is, 1 atom of sul- 
phuret of lead, 136 ; 1 atom of sulphuret of silver, 142 ; 1 atom 
of sulphuret of antimony 93; and 1 atom of arseniuret of 
nickel (26 + 38) 64. C. 

1 Composed of 1 atom of sulphuret of lead, and 1 of sulphuret 
of antimony. C. 

2 One atom of oxide of lead (104+8) 112+1 atom of suU 
phuric acid (16 + 24) 40 = 152. The weight of an atom of 
oxygen is 8. Berzelius considers the protoxide of lead tQ 
contain two atoms of oxygen. C. 
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ffith borax, and salt of phosphorus, it bebayes 
like pure oxide 'of lead. 

With glass of soda and silica it assumes the colour 
of Uver of sulphur at the moment the glass cools. 

8. Carbonate of lead, from Alston Moor.^ 

Behaves like pure oxide of lead, except that it 
decrepitates strongly and its white colour chafages 
to yellow by heat. 

a. ChlorO'Carbonate of lead — Horn^lead, from 
Matlock, Derbyshire.* 

Alone, in the exterior flame, fuses into a transpa- 
rent globule, which becomes pale yellow on cooling. 

With oxide of copper dissolved in salt of phos^ 
phorus it presents the usual effect of muriatic acid 
(a blue flame surrounding the assay globule). 

b. Sulphate and carbonate ofleadfirom Leadhills. 

The specimen used in the following assay be- 
longed to the collection of the King of France, 
and was given me by Count Boumon. It is de- 
scribed in the catalogue of the private mineralogi- 
cal collection of the King of France, (Paris, 1817. 
pp. 343, 344), by the name of rhomboidal carbonate 
of lead. 

Alone, on charcoal, at fbst it swells up a little 
and becomes yellow, but resumes its white colour 

^ Composed of 1 atom of oxide of lead, 112 + 1 atom of 
carbonic acid, (6 + 16) 22 = 134*. An atom of carbon weighs 6. 
Berzelius considers it as containing 2 atoms of carbonic 
acid. C. 

^ Composed of 1 atom of chloride of lead, 140-f 1 atom of 
carbonate of lead, 1S4 x= 274>. C. 
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on cooling; it fuses into a globule, which also is 
white when cold. It reduces equally well into a 
globule of metallic lead, either with or without soda. 
With glass of silica andsoda/it gives the colour of 
liver of sulphur, precisely like the sulphate of lead.* 

9. Phosphate of lead^ from Freyberg.^ 
Alone^ on charcoal^ fuses in the exterior flame ; 

the globule crystallizes, and after cooling has a 
dark colour. In the interior flame it exhales the 
vapour of lead, the flame assumes a bluish colour^ 
and the globule on coofing forms crystals with 
broad facets, inclining to pearly whiteness. At the 
moment it crystallizes, a gleam of ignition may be 
perceived in the globule. 

With borax^ salt of phosphorus, and soda, it 
behaves like oxide of lead. 

fVith boracic acid and iron it gives phosphuret 
of iron and metallic lead, which may be obtained 
separately when the phosphuret congeals, the lead 
still remaining in fiision. This lead gives no silver 
by cupellation. 

10. Aseniate of lead, from Johann Georgenstadt, 
and from Cornwall.^ 

Alone, on charcoal, fuses with §ome difficulty, 

' This mineral dissolves with effervescence in nitric acid, 
and leaves a residuum of sulphate of lead in the form of a 
yihiiepotader. B. 

^Composed of 1 atom of oxide of lead, 112-f 1 atom of 
phosphoric acid, 28 = 140. C. 

s Composed of 1 atom of oxide of lead, 112 + 1 atom of 
arsenic acid, 62 = 174.C. 
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and is then instantly reduced into numerous glo- 
bules of lead, with copious disengagement of the 
fume and smell of arsenic. With the fluxes it 
behaves like oxide of lead, with this difference, that 
the gkss of the arseniate gives off arsenical fame& 

If we take a crystal of arseniate of lead in the 
forceps, and fuse its anterior extremity in the outer 
flame, the Aised part crystallizes on cooling, in the 
same manner as phosphate of lead. The fused portion 
must not touch the platina, as it would spread over 
and act on the metal. It flows equally on glass. 

Remark. — Arseniate of lead, containing phos- 
phate of lead, does not completely reduce; the 
phosphate always remains in the state of a salt, and 
in the form of a globule which crystallizes on cool- 
ing. Phosphate of lead containing traces of arse- 
niate, gives metallic lead and exhales the odour of 
arsenic when fused in the interior flame. 

11. Molybdate of leadi from Bleyherg^ 

Alone^ decrepitates strongly, and acquires % 
brown yellow colour, which flies on cooling. On 
charcoal it fuses and is absorbed, leaving at the 
surface a portion of reduced lead. By washing 
the absorbed part, we obtain a mixture of malle- 
able grains of lead and metallic molybdena, the 
latter has a metallic lustre, but is neither malle- 
able nor fusible. 

' Composed of 1 atom of oxide of lead, 112-f 1 atom cf 
molybdic acid, 72 = IS^. According to Bcrzelius, it con- 
tains 2 atoms of acid. C. 
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With horaxy in the exterior flame, fiises readity' 
into an almost colourless glass. In the interior flame 
we ohtain a transparent g^ass, which on cooling 
becomes all at once dark and opaque ; if we flatten 
it between the forceps, we pooeiye that its colour 
is brownish. 

With salt of phosphorus dissolves readily ; a 
small proportion of molyhdate of lead gives a green 
glass, as molybdic acid does, a larger quantity 
gives a black opaque glass. 

Soda dissolves molyhdate of lead, a portion of 
ike mass is absorbed by the charcoal, and reduced 
lead remains on the sur&ce. 

12. Chromate of leady from SihensL.^ 

Alone^ decrepitates, splits in the direction of 
the axis of the crystal and assumes a deeper co- 
lour, which becomes dear on cooling. On char- 
coal it fiises and flows abroad, at the same time 
the lower part is reduced and devdopes the flame, 
and ftunes peculiar to lead. The upper part is a 
mass of a dark colour, which gives a brown red 
powder and does not become green by heat. 

With borax dissolves readily. A small • quan- 
tity of the chromate colours the glass green; a 
larger quantity in the exterior flame gives a 
glass of a green colour, but so loaded with blacks 
ish particles that it appears opaque. In the 



' Composed of 1 atom of oxide of lead, 112-|-1 atom oC 
chromic acid, 52 = 164. C. 



OF MINERALS. 161 

reducing flame its colour is dark, and on cooling it 
assumes the aspect of a greenish grey enamel. 

PFith salt of phosphorus, fuses easily into a fine 
green glass. A larger quantity of the chromate 
gives a glass which is opaque, and grey or greyish 
green on cooling. 

fVith soda, on charcoal, the mass is absorbed, 
and grains of metallic lead are produced. On pla- 
tina, in the oxidating flame, it forms a liquid saline 
mass of a brown yellow colour, which becomes 
yellow when cold. In the reducing flame the fused 
mass is green. 

13. Tungstate of lead, from ZirmyvM.^ 

(The specimen was furnished me by Mr. Breit* 
haupt). 

Alone, on charcoal, fuses and gives off vapour of 
lead, leaving a crystalline globule, of a dark colour 
and metallic aspect, but which gives a clear grey 
powder. 

With borax, in the exterior flame, dissolves with- 
out colour ; in the interior flame before a brisk 
blast it becomes yellowish, and on cooling grey and 
opaque. By a graduated flame the lead is dissi- 
pated in fiunes, and the globule on cooling is trans- 
parent and dark red, like that obtained with pure 
tungstic acid. 

With salt of phosphorus in the exterior flame 
we obtain a colourless glass, and in the interior 

^ Composed^ of 1 atom of oxide of lead 112+2 atoms of 
tungstic acid 2iO = 352. 

M 
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flame a bright blue glan, whose otdonr is not alto- 
gether 80 pore as that from tungstic add. A 
larger projKnrtioii of the tmigstate gives agreemdi 
glass, which in the end is opaque. 

fVitk soda, we obtain a large quantity of glo- 
bules of lead. 

14. Phmb'gamme, from Huelgoat.^ 

(I am indebted to M. Gillet de Laumont for 
this substance). 

Alone, in the matrassj gives off aqueous vapour, 
the assay sometimes decrepitating violently. 

On charcoal it becomes opaque, whitens, swells 
up like a zeolite, and by a strong heat is brought 
into semifusion, but cannot be perfectly fused. 

With boraXi fuses into a colourless transparent 
glass. 

With salt of phosphorus, similar solution and 
similar result. With a certain propcMrtion of the 
plomb-gomme the glass becomes claque on cooling. 

With soda no solution ; but globules of lead 
start out on all sides. 

With nitrate of cobalt we obtain a fine pure 
blue colour. 

10. Copper. 

1. Sulphuret of Copper.'^ 

* Composed cf 1 atom of oxide of lead 112+6 atoms of 
alumina 102 + 6 of water 54 = 268. Thomson's Chemistry, 
vo]. iii. p. 542. Berzelius considers it as a quadri-aluminate 
of lead, with 12 atoms of water. 

* Composed of 1 atom of copper 64*4 1 stom of sulj^hur 
16 =5 80. 
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Alone, on charcoal, exhales the odour of sulphu« 
rous add, fuses easily in the exterior flame, and 
projects drops in a state of ignition. In the in- 
terior flame, it becomes covered with a crust, and 
then is no longer fiisible. This experiment may be 
frequently repeated. As long as any sulphur re- 
mains no copper separates, whence it seems that 
sulphur and copper may be melted together in any 
proportion. 

In the open tube, sulphurous acid is evolved, 
and a part of the assay bums, but no sublimate 
is formed. The roasted mineral gives a globule of 
copper, with either soda or borax. 

2. Silber-kupferglanz, (Haussman and Stro- 
meyer). Argentiferous sulphuret of Copper. 
(Boumon), from Ecatherinenburg.* 

Alone, ftises readily, exhales the odour of sul- 
phurous acid, gives off no ftimes (not even in the 
tube), does not oxidate, nor project any scoriae. 
The globule has a grey colour, metallic lustre, is 
slightly coloured on the surface,^ is semi-malleable, 
and has a grey fracture. With the fluxes it pro- 
duces the effects of copper. By cupellation witli 
lead on bone ashes, it gives a large globule of silver, 
and the cupel is coloured blackish green. 

3. Compound of sulphuret of antimony, and 



' Composed of 2 atoms of sulphuret of copper 160+ 1 
atom of sulphuret of silver 142 = 302. C. 

^ Se colore Ugerhnent h la surfacci this seems redundant, 
but it is so in the original. C. 

M 2 
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sulphuret of copper. (Graugiiltigerz). a. sulphuret 
of -copper and antimony ^ from Ecatherinenbiiig. 
(Boumon, catalogue of the collectioii, &c» p. 235.) 
b* Endeltione, or Bournonite, from Saint-Harey, 
near Grenoble, e. Schzvarzerz, from Kapnick. 

Alone, in the open tube^ fuses and gives off 
fumes of antimony, which contain scarcely any 
antimonious add ; exhales the odour of sidphur- 
ous add, not, however, very evident till after blow- 
ing a few seconds ; completely bleaches brazil 
wood paper, placed in the upper part of the 
tube. The roasted mineral solidifies into a blade 
mass. 

Alone, on charcoal, deposits antimony ; no trace 
of the vapour of lead. The globule diminishes in 
bulk, becomes grey and semi-malleable ; with borax, 
it retains its grey colour for some time, and then 
produces the characteristic effects of copper ; fused 
with soda it gives a globule of copper. 

4. Copper pyrites, a compound of sulphuret of 
copper and sulphuret of iron. 

Alone, on charcoal, on the first impulse of the 
flame, it assumes a superfidal dark coloured tinge, 
and blackens ; becomes red on cooling, Aises more 
readily than sulphuret of copper, and affords a 
globule, which, after the blast has been kept up 
some time, is attractable by the magnet; it is 
brittle, and has a greyish red fracture. If afiter 
long exposure to the oxidating flame, we treat it 
with a very small quantity of borax, it gives me- 
tallic copper. 
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In the open tube exhales a strong odour of sul- 
phuroiis add, but gives no sublimate. 

In the matrass, no sulphur sublimes. 

After roasting, this mineral produces a com^ 
poimd eflFect with the fluxes, derived from that 
peculiar to each of its ingredients, the iron and 
copper. 

fVith soda, we obtain separate globules of iron 
and copper, provided the sulphur has been perfectly 
burnt away. 

5. Sulphuret of tin, (Zinnkies), from Corn- 
wall.^ 

Alone, fuses at a high temperature, and exhales, 
in the exterior flame, the odour of sulphurous add ; 
becomes snow white on the surface, and covers 
the charcoal with a circle of white powder, extend- 
ing about a quarter of an inch from its base round 
the assay. This powder, which constitutes the 
principal pyrognostic character of the mineral, is 
oxide of tin. It differs from the pulverulent de»- 
posit of other volatile metals, 1st, in being con- 
tiguous to the assay; 2ndly, in not being volatile 
either in the exterior or interior flame. 

In the open tube it exhales the odour of sul- 
phurous acid, and is covered with fixed white 
frimes : a portion of which condenses also on the 
jsides of the tube close to the assay. 

After long roasting on charcoal, we obtain a grey 

' BeU metal ore. — Composed of 1 atom of sulphuret of tin 
(59 + 32) 91+2 atoms of sulphuret of copper 160 =b 251 . C. 
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brittle metallic globule^ which gives with the fluxes 
the effects of iron and copper. With a mixtij^ 
of soda and borax in the oxidating flame^ sulphuret 
of tin gives a dark coloured, hard, and very sUghtly 
malleable globule of copper. 

6. Nadelerz, from Ecatherinenburg.^ 

Alone, fiises, gives off fumes, and forms a white 
deposit on the charcoal, slightly yellowish on its 
interior edge ; it then gives a metallic globule le^ 
sembling bismuth. The fumes are reduced in the 
interior flame without colouring it. 

In the open tube gives white vapour, partly 
fusible and partly volatile ; the fusible part melts 
into clear drops, some of which turn white on cool- 
ing ; the current of air which issues from the tube 
diffiises the odour of sulphurous add. The globule 
of bismuth is surrounded by an oxide, which if; 
black whilst liquid, but becomes transparent and 
greenish yellow on cooling. With the fluxes, this 
globule gives the effects of copper, somewhat 
faintly. After a strong blast, we ultimately 
obtain a globule of copper, which, by cupella* 
tion with lead, leaves scarcely perceptible traces 
of silver. 

Remark.— John found from one to two per cent. 

' Needle ore. — Jdmeson.'^^Plumbo'Cupriferous sulphurei of 
bismuth, Hauy.— Composed of bismuth 43*2, lead 24*3, 
copper 12-1, nickel 1-5, tellurium 1'3, sulphur 11*5. (John*s 
Analysis,) Its theoretical composition^ according to Ber^e- 
lius, is 1 atom sulphuret of lead 136+2 atoms sulphuret of 
copper I61O+2 atoms sulphuret of bismuth 206 = 502* C, 
1 
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of teUurium in this mineral. Its presence ^e^^ 
well ^th the properties of the vapour formed in 
the tube whilst roasting; but its quantity /su^^^ 
poses a larger proportion of tellurium than John 
obtained. ...{). 

The yapour of tellurium usually colours tba^vre- 
ducing flame green; but this phenomenon do0s 
not occiu: with the needle ore, and if sometimes 
a slight colour appear, its tint is bluish. The 
same thing happens in the assay of the Blatter^ta^ 
in which tellurium and lead occur together. (See 
Blatterez, p. 143). Thus lead modifies to a certain 
extent, the characteristic effects of tellurium. 

7. Seleniuret of copper^ from Skrickerum.^ 
Alone on charcoal^ fuses into a slightly malle* 

able grey globule, exhaUng at the same time a 
very strong odour of selenium. 
- In the tube, gives at the same time a red pulve* 
rulent sublimate of selenium, and selenic acid, which 
forms, beyond the condensed selenium, crystals vola- 
tile at a very low heat. 

After very long roasting, during the whole of 
which the assay developes the odour of seleniunit 
we obtain by soda a globule of copper. 

8. Euchairite, from Skrickerum.^ 

Alone fruses, exhales a strong odour of selenium, 
and gives a soft, but not malleable grey metallic 

' Composed of 1 atom of copper 64* + 1 atom of selenium 
41=105. C. 

^Composed of 2 atoms of seleniuret of 4X>pper 210+1 
atom of bi-scleniuret of silver (llO^ 8$) 192 s 402. C. 
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globule ; cupelled yrith lead it leaves a globule of 
gUver ; the odour of selenium is perceptible during 
the whole operation. 

In the open tube, it behaves like seleniuret of 
copper. 

fFith theJluxeSi the effects of copper are very 
deddedly produced. 

9. The Fahlerz ores. These minerals bdiave 
differently under the same drcumstances, and divide 
into two classes, one composed of such as give off 
arsenic, the other of those that give off antimony 
in roasting. Some kinds fuse, boil up and Aime 
all at once ; others fiise first completely and then 
intumesce, forming excrescences, which present in 
miniature a cauliflower appearance, but fuse in a 
strong heat. When treated with soda after pre* 
vious. roasting, they all give a globule of metallic 
copper. With the fluxes, the Fahlerz ores pro-r 
duce the effects due to iron and copper, 

10. Protoxide^ and 

11. Oxide of copper, (seepage 115). 

12. l^eutral sulphate of copper, as well as the 
sub-sulphate, is discoloured by heat, and gives off 
vapour of water. The neutral salt becomes white, 
and the sub-salt black. Sidphuric acid is detected 
in both, by pulverising the roasted assay, mixing 
it with charcoal powder, and heating it in a tube 
closed at one end ; a large quantity of sulphurous 
acid is given off, and is evident both by its smell 
and by its action on moistened brazil wood paper, 
placed in the tube. This effect is very distinct^ 
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even though the particle of sub-sulphate be not 
larger than a pin's head. 

IS. -Swi.m«mfeq/'co/>j&er,* arenaceous and (tonii 
pact, from Chili. 

AlonCf it strongly colours the flame blue, and itti 
edges green. A red pulverulent deposit forms on 
the charcoal, round the assay ; this deposit colours 
the flame blue on the part which plays over the 
surface of the support. The assay frises, and is 
reduced into a globule of copper surrounded vnth 
scoriffi. The arenaceous mineral gives more scoriiBB 
than the compact. The scorias produce the effects 
derived from copper and iron ; that of the latter is 
distinctly seen on the glass where the reduction 
took place, before the action of the copper is dieve* 
loped by cooling. 

fVith thejluxesy the muriate behaves like oxide 
of copper. 

14. PAo^j^Aflfe ()/■ coj&per, from Ehrenbreitstein,^ 

Alone 9 gives no colour to the flame; falls to 
powder in a strong sudden heat, but preserves its 
cohesion if the heat be gradually raised ; blackens 
and fuses, retailing its black colour ; in the centrfii 
of the mass, a small globule of metallic copper is 
perceptible. This nucleus of copper emits a bril- 
liant light, or fulguration, at the instant it con« 

' Composed of 2 atoms of peroxide of copper 160+ 1 atom 
of muriatic acid S7+4> atoms of water S6 = 2dS. C. 

' Composed of 1 atom of sub-phosphate of copper (2 oxida 
160+ 1 of acid, 28) 188+10 atoms of water 90 = 278 C. 
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geals» very like the brightening of gold or silver oa 
the cupel. 

With saU 0/ phosphorus and boras it behares 
like pure oxide of cc^per. 

With sadOf a pecidiar phenomeuon presents it- 
leUl A small quantity of soda gives a liquid glo- 
bule. If we add a fresh quantity of soda, the masa 
swells up f(n: a moment, then liquefies again, and 
at every fresh portion that we add to the assay, the 
same phenomenon occurs, till at last it dilates, and 
becomes solid and infusible. With a great quan- 
tity <^ soda, the saline mass is absorbed by the char- 
coal, and leaves copper on the surfiice. 

The principal diaracteristic effect of phosphate 
of copper i« that produced by fusing it with a 
nearly equal bulk of metallic lead* If we expose 
the mixture to a very good reducing fiame, the 
whole of the copper separates in the metallic state^ 
and a mass of fused phosphate of lead, which crys- 
tallizes on cooling, forms roimd the regulus. If, 
after the phosphate hs^a congealed, we take off the 
comparatively more fusible plumbiferous metal^ 
and then fuse the mass again, we obtain a more 
sperical globule, with broader crystalline facets* 

15. Carbonate 0/ copper, green BXidhlue^ 

Alone, in the matrass, gives off water, and 
blackens* 

I The first composed of I atom of carbonate of copper 
(80 + 22) 102+1 atom of water 9 = 111 ; the second of! 
atom of hydrate of copp er (80+ 18) 98+2 atoms of bicarbo* 
Date of copper (80 + 44x2) 248 = 346. C. 
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On charcoals fuses and behaves in every respeet 
like pure oxide of copper, (p. 115). 

16. Arseniate of copper of different species, 
fit)iD ComwalL Arseniate of copfer behaves with 
the fluxes, in general, like oxide of copper, but ex^ 
hales by heat a strong odour of arsenic, and when re^ 
duced alone with soda, gives a white brittle metal- 
lic globule. 

(a). The greyish white arseniate, crystallized in 
capillary needles, when heated alone in the matrass 
gives off no water, nor experiences any change. On 
charcoal it is reduced, at the moment it fuses, with 
detonation, which causes it to penetrate deep into 
the support, from which we obtain a metallic glo* 
bule which becomes red on cooling. The red co* 
lour is owing to a thin covering of protoxide of 
copper ; the globule is white in the interior, and 
breaks under the hammer. 

{b). The dark green crystallized arseniate be* 
haves nearly in the same manner, but throws out 
a fused scoria round the reduced metallic globule, 
as may be seen on attentive examination. If we 
add lead, pour off the fused metal after the scoria 
has congealed (which naturally adheres to the sur- 
face of the support), and fuse the scoria again, we 
then obtain phosphate of lead, of a white colour, 
which crystallizes at the moment of congelation. 

(c). The compact green variety, rather blebby 
internally, presents the same phenomena, but 
with lead gives a larger quantity of phosphate of 
lead. 
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(d)*, The beautiful Variety in clear blue crystals^ 
gives off much water in the matrass, fuses imper- 
fectly, and is not reduced with detonation ; but 
leaves a mass of scoriie, amongst which may be 
perceived some white metallic globules. It gives 
no indication of iron with the fluxes. 

Remark. — This last variety, therefore, contains, 
beside oxide of copper, some other base which is 
not reducible. 

17. VauquelinCy from Siberia.^ 

Alone, in the matrass, it gives off no water. On 
charcoal it intumesces slightly, then fiises and 
froths up abundantly, and is converted into a dark 
grey globule, possessed of metallic brilliancy, and 
surrounded with small beads of reduced lead. The 
greatest "paxt of the globule suffers no change, even 
in a very powerfid reducing flame. 

fVith borax it fuses in small quantity, with 
effervescence, into a green glass, which in the ex- 
tericH: flame retains its transparency on cooling ; 
but after exposure to a good reducing flame, on 
cooling it becomes red and diaphanous, or red and 
opaque, or, lastly, perfectly black, according to the 
quantity of the mineral in the glass. A little tin 
added to the assay facilitates the developement of 
the red colour, which arises from the copper. If 

■ Composed of 2 atoms of sub-sesqui-chromate of copper 
(80x8+52x2) 344? + 2 atoms of bi-chromate of lead 
(ll'J-f-104 X 2) 432 = 776. The number of atoms is doubled 
to get rid of the anomalous half atom of copper in the sub* 
sesqui-chromate. C* 



OF MINBRAL8. 178 

we add a large portion of the mineral to the assay 
all at once, the glass blackens immediately. 

fFith salt of phosphorus, the same phenomena. 
Soda dissolves it with effervescence. On the 
platina wire in the oxidating flame, we obtain a 
green transparent glass, which becomes yellow and 
opaque on cooling. If we put a drop of water 
on the glass, the alcaline chromate which is pre- 
sent gives it a yellow colour. The mass is absorb- 
ed by charcoal, and we obtain globules of lead by 
washing, &c. 

18. Kieselmalachite, from Siberia.* 
Alone, in the matrass, gives off water and 
blackens. 

On charcoal it becomes black in the exterior 
flame, and red in the interior, but does not fuse. 

fVith borax, readily fuses into a glass, which 
presents the effects of copper. Heated gently in 
the exterior flame, it coloiurs it momentarily of a 
fine green ; continuing the blast, no colour re-ap- 
pears ; but let the globule cool, then heat it again 
to redness, and the flame is coloured anew. This 
experiment may be repeated on the same globule 
at pleasure. The phenomenon docs not take place 
with pure oxide of copper. With a good reducing 
flame, we obtain a globule of metallic copper in 

I Chryiocolln^ componcd of 2 atomi of sub-f ei qui-iilicate of 
copper (80x3+ V6>cl) 272+ 12 of wHter 108 = 880. Tho 
atoms are doubled ai in the preceding. C. 
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the borax ; th^ glass may be depmed of colour by 
the blast. 

fFith &alt of phosphorus dissolves and presets 
the effects of copper, but gives a sOrt of skdeton 
(squelette) of silica, disthicfly perceptible oa suffer- 
ing the glass to cool, after having eiqK)8ed it to the 
exterior flame. The flame is not at aU coloured 
when we use this flux. 

fFith soda, on charcoal, fuses into a dark eolour- 
ed opaque glass, which internally is red after oool- 
ing, and contains a globule of copper. With a 
hurge quantity of soda the glass penetrates the 
charcoal, and leaves metallic copper on the sur* 
face. 

19- DioptasCy from the country of the Kirguise.^ 

Behaves in every respect like the preceding 
HuneraL The only remarkable difference is, that 
it takes a larger dose of soda before it is absorbed 
by the charcoal, and that the copper may be suf- 
ficiently reduced to render the glass perfectly 
colourless. 

Remark. — When we treat Kieselmalachite, or 
Dioptase, with the fluxes, without having previous- 
ly heated them red hot, they dissolve with effer- 
vescence, from the escape of water, and sometimes 
also from the disengagement of carbonic acid^ 
which is not unfrequently found in Kieselmalachite. 

1 Tartars who inhabit the country adjoining the Caspian 
Sea, on the North East. C. 
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IL mckeL 

1. Sulphurel of nickel (Haarkies)*^ 

In the open tubCf exhales the odour of sulphii* 
Tous acid, bleaches brazil wood paper, and becomes 
black, but without changing its fomu 

On charcoal, in a good heat, semifuses into an 
agglutinated mass, which is metallic^ malleable 
and magnetic, and consists wholly of nickel 

After roasting in contact with the air, it behaves 
with the fluxes like oxide of nickeL 

With the glass of silica and soda, beifore it Is 
roasted it develops the odour of a sulphuret 

2. Arsenical nickel, from Freyberg,^ 

In the matrass nothing volatile is given oiBT; 
aemifuses at the temparature at which glass softens, 
and a deposit of white arsenic forms on the «ides 
of the glass, at the expense of the air in the mat- 
rass 

On charcoal fuses into a white metallic globule, 
with the disengagement of arsenical fumes and 
odour. 

In the open tube the roasting is easily effected ; 
a large quantity of white arsenic is formed, and a 
yellowish green residuum left, which by fresh 
roasting on charcoal, and fusion with soda and a 

> Composed ofl atom of mckel 26 -f 2 atoms of sulphtir 
S2 = 58. C. 

2 Composed of I atom of nickel 26 -fl atom of arsedic 
38 = 64. C. 
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little borax, gives a metallic globule tolerably mal- 
leable and very magnetic. 

After roasting, it behaves with the fluxes like 
oxide of nickel, and commonly after reduction 
colours the glass blue, denoting thereby the pre- 
sence of some oxide of cobalt, 

3. fFhite ore of nickel, from Loos (Nickel- 
glanz).^ 

Alone, in the matrass, decrepitates strongly, and 
gives, at a red heat, a great quantity of sulphuret of 
arsenic, that sublimes in the form of a ftised, trans- 
sparent, reddish mass, which does not become opaque 
on cooling. The residuum has the appearance of 
arsenical nickel, and behaves like that mineral with 
the fluxes. The effects indicative of iron are dif- 
ficult to produce ; commonly the blue colour of co- 
balt only is perceptible after the nickel is extract- 
ed by reduction. 

4. NickeUspiesglanserz, from Baudenberg, in 
the Comte de Nassau. (The mineral used in the - 
following experiment was fttmished by Professor 
UUmann).^ 

In the open tube gives ofi* abundant ftimes of 
a:itimony and a slight^ odour of sulphurous acid; 

» Composed of I atom of bisulphuret of nickel {^-^6^) 
90 + 1 atom of biarseniuret of nickel (26+76) 102 = 192. 
C. 

* Antimoine sulphure nickelifere. Hauy. According to 
John, it contains antimony with arsenic 61*68^ luckel 23*33, 
sulphur 14<'16, silica with silver and lead 0*83, trace of iron* 
Jameson. C. 
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ii bleaches brazil wood paper placed in the 
tube. 

In the matrass a small portion of white subli-* 
mate is formed, apparently at the expense of the 
air in the vessel. 

On charcoal fuses and fumes coniiiderably ; a 
slight arsenical odour is sometimes perceptible, but 
not easily distinguished. However far we push 
the roasting of the metallic globule, it always re- 
mains iusible and brittle. With soda it neither 
gives off the odour nor vapour of arsenic ; the soda 
is not absorbed by the charcoal, but remains on the 
surface, where it fuses with the mineral into a black 
globule. The glass formed with this flux displays 
the coloiur of a sulphuret. With the other fluxes 
the metallic globule produces only the chaCracteristic 
effects of cobalt. 

. 5. Arseniate of nickel^ (pulverulent, slightly 
greenish white) from Allemont.^ 

AlonCf in the matrass^ gives off water, and its 
colour becomes darker. 

On charcoal exhales a strong odour of arsenic ; 
in the interior flame fuses into a globule of arseni* 
ferous nickel. 

With the fluxes it behaves like oxide of nickel^ 

' Co m posed of 2 atomi of i ub-sei qui-aneniate of nickel 
(26x3+62x2) 202+18 atoms of water 162 = 364*. The 
atoms doubled as before. C. 

Berthier Annates de Chimie et de Physique, tome xiii. pager 
57. B. 

N 
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but in the reducing flame betrays the presence of a 
pretty considerable quantity of cobalt. 

6. PimSlite, from Kosemiitz.^ 

Alone, in the matrass, blackens and gives off 
water, which smells of petroleum. The black 
colour is owing to a portion of charcoal contained 
in the mineral ; when this is burnt away, the mass 
is greenish grey, inclining here and there to brown. 
Pimelite is invisible, but becomes converted into 
scoriaa in the thin parts, and assumes a dark grey 
colour. 

With borax dissolves and displays the effects of 
nickel ; after the reduction of which, it gives no 
trace of cobalt. 

With salt of phosphorus fuses, in small quantity, 
into a transparent glass ; with a larger portion of 
the assay we obtain a glass, whose colour indicates, 
the presence of nickel, and which holds in suspen- 
sion a white skeleton of undissolved silica. 

With soda foses imperfectly into a nearly 
globular scoriaceous mass. A larger portion of 
soda causes it to be absorbed by the charcoal, from 
whidi we obtain a very large quantity of reduced 
nickel by washing. 

Remark. — ^Pimelite, externally, has considerable 
resemblance to talc supposing it to contain nickel. 
Its property of blackening, and of exhaling an em- 
pyreumatic odour when heated in a close vessel, is 

» Consists of oxide of nickel 15*62, silex 35, aluniine 5'10>. 
laneO'40, magnesia 1*25, water S7*91. Klaproth. (PhiUips-) 
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also common to almost all the minerals which con- 
tain magnesia as an essential constituent, that is in 
notable quantity. Hence its composition requires 
a more particular examination. Possibly oxide of 
nickel may have in this case the same property as 
magnesia, which it resembles also in forming double 
salts with potassa and ammonia. 

13. Cobalt. 

1. Sulphur et of Cobalt y from Bastnas, near 
Riddarhytta.' 

Alontf in the matrass^ gives off nothing volatile, 
though, from its composition, a sublimate might 
have been expected ; does not decrepitate. 

In the open tube gives sulphurous acid, and a 
triflingquantity of concentrated sulphuric acid, which 
sublimes in the form of little drops, distinguishable 
by the microscope and of a white colour. If the tube 
be dusty they become black, from their action on the 
dust. The sulphuric acid is produced at the be- 
ginning of the roasting, and its quantity does not 
increase as the operation proceeds. No trace of 
arsenic can be discovered in the assay. 

On charcoal fuses after roasting into a grey 
metallic globule, from which it is difficult to drive 
off the last portions of sulphur. 

' Cobalt Pyrites. Constituent parti, according to Hisinger'g 
analysis, cobalt 43'2, sulphur 38*5, copper 14*4, iron 8*53^ 
(Jameson). Berzelius considers it composed of 1 atom of 
bisulphuret of iron-f 4 atoms ofsulphuret of copper +12 atOBir 
of sulphurct of cobalt. C. 

N 2 
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fVith the fluxes the efFects of the cobalt predo* 
minate so much that it is impossible to distinguish 
those of the iron and copper. But if we repeatedly 
remelt the grey globule with borax in the exterior 
flame, (it having been previously fused on charcoal) 
the borax seizes on the cobalt, and the copper 
collects together (se concentre) ; so that, when we 
afterwards fttse the mass with salt of phosphorus, 
and expose the glass, saturated with metallic mat- 
ter, to the reducing flame, the red colour of the 
protoxide of copper is developed on cooling, al- 
thoiigh tinged blue by the oxide of cobalt 

2. Arsenical cobalt^ from Ri^elsdorf/ 
SpeisskabalU from Freyberg and Bieber. 
Alone^ in the open tube, very readily gives off 

arsenious acid. 

In the matrass some spedes give a little metallic 
ar8enico--others none at all. 

On charcoal they all exhale the vapour and 
odour of arsenic, and fuse into a white metallic 
globule, which remains brittle even after long 
treatment with borax, which it colours cobalt blue. 

3. Scapiform arsenic^ (Stanglicher arsenik) from 
Schneeberg. 

Scherbenkohaltj from Saxony. 

» Arsenic 74?-22, cobalt 20*31, iron 342, sulphur 0*89, 
copper 0*16 ; or/arseniuret of cobalt 51*70, arseniuret of iron 
9*17> persulphuret of iron 1*55, sulphuret of copper 0*20, 
arsenic 36*38. Stromeyer. An.de Chiin. viii. 81. Berzelius 
considers it to consist of 1 atom of bi*arseniuret of cobalt 
(26 + 38x2) 102, and arsenic. C. 
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In the matrass these minerals give off no aarsenic^ 
or only an exceedingly small quantity. 

In the open tube we obtain an abundant subli- 
mate, partly consisting of arsenious acid, and partly 
of metallic arsenic, and a grey brown infusible re- 
siduum, which, after a thorough roasting, readily 
dissolves in the fluxes. 

fVith borax they combine and give the blue 
colour indicative of cobalt, without any other effect. 

With salt of phosphorus both ores fuse alike, 
and exhibit the colour of cobalt; but the scaptform 
arsenic very decidedly gives traces of nickel, for it 
docs not assume the blue colour till the nickel has 
been precipitated by tin. 

4. Koboltglanz, from Tunaberg.* 

Alone^ in the matrass^ not the least change. 

In the open tube roasts with difficulty ; does not 
give off any arsenious acid without a strong heat; 
exhales the odour of sulphurous add, and whitens 
brazil wood paper placed in the tube. 

On charcoal fumes abundantly, and, after roast- 
ing some time, ftises, when it behaves like fused 
arsenical cobalt. 

5. Black oxide ofcobalt^ Schwartzei^ Erdkobalt. 
(Its locality not known.) 

Aloncj gives off empyreumatic water. 

> Cobalt 44, arsenic SS^ sulphur 0*5. (Klaproih) Jameson. 
Berzelius thinks it may be composed (adding a ? to his formula) 
of 1 atom of bi-arseniuret of cobalt -hi atom of bisulphurot 
of cobalt. C. 

1 
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On chajxoal exhales . a slight arsenical odour ; 
does not fuse. 

With boras and salt of phosphorus dissolves, 
and gives so deep a tint of cobalt blue, that no 
other effect is discernible. 

With soda it is infusible. On the pktina wire 
it gives a mass coloured deep green by manganese. 
If we separate the green portion, and heat it alone 
on charcoal, we obtain a scarcely magnetic, white 
metal, which communicates an iron tinge to salt of 
phosphorus, and also the property of turning milk 
white on cooling. I have not more particularly 
examined this metal. 

6. Arseniate of cobalt^ (crystallized) from 
Schneeberg.^ 

AlonCy in the niatrass, gives oflF water and turns 
brown^ but no sublimate rises. 

On charcoal fumes abundantly, and exhales the 
smell of arsenic. Fuses in a good reducing flame, 
and is converted into arsenical cobalt. 

With the fluxes we obtain a blue glass. 

7. Arsenite of cobalt (pulverulent), from Schnee- 
Iberg. 

AlonCy both in the matrQss and open tubcygiyes 

Composed of 1 atom of sub-sesqui* arseniate of cobalt 



(34x3+62 X 2) 226 4- 12 atoms of water 108 = 334?. Accord- 
ing to the formula in the Tables, Nouveau Syst^me, p. 204, 
and in the Essai sur la Theorie des Proportions, &c. The 
formula m the present work gives 4 atoms of oxide of cobalt 
^nd 2 atoms of ^rsei^ic acid, which denotes 9 sub?arscniate. C. 
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a lai^e quantity of arsenious acid, after Which it 
behaves like the preceding. 



IS. Uranium. 

1. Protoxide of uranium,^ from Johan Geor- 
genstadt. 

Alone^ neither fuses nor alters, but in the forceps 
colours the external flame green. 

With borax and salt of phosphorus behaves like 
oxide of uranium. (See p. 99.) 

With sodadoes not dissolve; but when we attempt 
to reduce it, it gives white metallic globules of iron 
and lead. 

2. Yellow hydrated oxide of uranium, from the 
same place.^ 

a. Pulverulent oxide of uranium, in the form 
of a lemon-yellow powder. 

In the matrass gives off water and assumes a 
red colour, which it retains whilst hot ; in the re- 
ducing flame it becomes green without fusing ; in 
other respects it behaves like pure oxide of uranium, 

b. Compact oxide of uranium. 

Alone, in the matrass, gives off water and be- 
comes reddish. In a strong heat, on charcoal, it 
fuses into a black globule. 

With the fluxes behaves like the preceding. 

I One atom of uranium lf5 + 2 atoms of oxygen 16=141. C. 
'' One atom of peroxide of uranium 149 + 10 atoms of water 
90 = 239. C. 
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fFith soda gives off vapour of lead, and affords 
white metallic globules. 

jRemflfrA.— The last variety is a mechanical mix- 
ture of hydrate of uranium, uranate of lime, and 
ur^ate of lead. 



14. Zinc. 

1. Zincbknde} 

Alone, sometimes decrepitates strongly ; experi-t 
ences little change at a red heat. Does not fuse^ 
^Ut the thinner parts on the edges are a little 
rounded by the most intense heat we can produce. 
Exhales but a very slight odour of sulphurous acid, 
and is difficult to roast^ 

fn the open tube gives off no fumes, and suffers 
little change. 

On charcoal it fprms an annular deposit of the 
vapour of zinc when strongly heated in the exterior 
flame. 

Soda attacks it feebly ; but the zinc is reduced 
and, in a good flame, bums, and flowers of zinc are 
deposited on the charcoal. 

2. Oxide of zinc, from America,^ 

Alone, suffers no change, except that its colour 
becomes obscure whilst hot. In the reducing flame 
it covers the charcoal with zinc fumes. 

With borax dissolves readily, and, in the exterior 

' Blende. One atom of zinc 34; + 1 atom of sulphur 16 == 50, 
C. 

^ Oxide of zinc, with oxide of manganese. C. 
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flame, the glass is coloured by manganese : when 
saturated, it becomes opaque on cooling, as well its 
by fiaming. 

With salt of phosphorus fuses readily into a 
colourless glass. The colour indicative of man- 
ganese does not appear till the glass is so saturated 
that it becomes opaque on cooling. 

With soda no solution. No effect when we at- 
tempt to reduce it. 

On platina foil a pale green colour. 

With solution of cobalt the pulverised mineral 
(whose colour is yellow) becomes tinged greenish 
yellow on the edges, but ^ves no shade of blue, 
nor experiences the slightest fusion. 

3. Sulphate of zinc^ from Fahlun.* 

Alone, in the matrass, ^ves off water. Heated 
with charcoal powder, it disengages large quantities 
of sulphuroujs add. It gives the colour of liver of 
sulphur to the glass of silica and soda, when fused 
with it. 

It behaves with the fluxes like oxide of zinc, 
producing, besides, the effects derived from iron. 
^. Carbonate of zinc (crystallized) calamine.^ 
^Alone, gives off no water; but, by heat, becomes 
like white enamel, and then behaves as pure oxide 
of zinc 

Remark.— 'If the calamine contain cadmium, 

' One atom ef oxide of zinc 42 + 1 atom of sulphuric acid 
40+7 atoms of water 63 =: 145. C. 

^ One atom of oxide of zinc 42+1 atom of carbonic aci4 
22 = 64. C, 
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when exposed on charcoal to the redudng flame, 
on the first impulse of the heat, a red or orange 
coloured ring surrounds the assay. This appear- 
ance is very distinct when the charcoal is quite 
cold. (See oxide of cadmium, p. 104.) 

5. Sub-carbonate of zinc (earthy), Zinkbluthe^ 
from Bleyberg and the East Indies.^ 

Alone, in the matrass, gives off aqueous vapour. 
In all other respects behaves like oxide of zinc. By 
a continued blast it may be volatilized in the reduc- 
ing flame, when it leaves a minute portion of scoriae, 
in which the fluxes detect the presence of iron. 

6. Double carbonate of zinc and copper, from 
Siberia. 

Alone, in the matrass, it gives off water, and 
its green colour changes to black. With the fluxes 
it exhibits the effects of copper, but the globules 
become opaque on cooling, in consequence of the 
oxide of zinc which they contain. 

With soda, in the experiment of reduction, we 
obtain a globule of copper, and the charcoal becomes 
covered with zinc fumes. 

7. Silicate of zinc. Zinkglas.^ 

Alone, in the matrass, decrepitates slightly, 
gives off water, and becomes milk white. Intu- 
mesces a little in a strong heat, but docs not fuse. 

> Earthy calamine. Oxide of zinc 7l'4fy carbonic acid 13*5, 
water 15*1. Smithson. Phil. Trans. C. 

» Electric calamine. A specimen from Rezbanya, in Hun- 
gary, analysed by Smithson, gave oxide oi* zinc 68*3, silica 
25, water -i'^. Jameson. 
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With boras fuses into a colourless glass, which 
does not become milky either by flaming or cooling. 

fFith salt of phosphorus fuses into a colourless 
glass that becomes opaque on cooling. By the 
addition of a large quantity of the assay, and not 
otherwise, some indications of silica are perceptible 
in the globule. 

fFith soda it does not fuse, but swells up, and 
scarcely gives off any fumes of zinc. 

fVith solution of cobalt becomes green at a mo- 
derate temperature ; in a strong heat, the edges of 
the assay are coloured of a fine clear blue, whose 
tint is very beautiful ; at the same time, we per- 
ceive an incipient fiision, and the blue cokur ex- 
tends a little towards the unfused portion. 

8. Gahnite, from Fahlun.^ 

Alone, unalterable. 

fVith boras, and salt of phosphorus, fuses, but 
with such difficulty, that these fluxes might be 
supposed to have no action on it. Even in powder 
it fuses in very small quantity. 

fFith soda, does not fuse, but agglutinates into a 
dark coloured scoria. 

Reduced to fine powder, and intimately mixed 
with soda, it gives, in the reducing flame, a very 
evident areola of the fumes of zinc, which surrounds 

' Automalite — Zinciferous spinelle, Vauquelin's analysis 
gave, alumina 42, oxide of zinc ^8, silica 4f, oxide of iron 5, 
sulphur 17. Phillips, Berzeliu9 considers it, from Ekeb*-rg*8 
analysis, as a quadri-aluminatc of zinc, containing 1 atom of 
oxide of zinc 42 + 4 atoms of alumina 68=110. C. 
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the assay, at the beginning of the blast. This, in 
the order of its pyrognostic characters, is the prin- 
cipal distinguishing mark of gahnite. 

ff^ith a mia:ture of soda and borax it fiises into 
a transparent glass, coloured by iron. 

15. Iron. 

1. Native iron of the meteoric stones. The 
blowpipe is incapable of detecting the nickel com- 
bined with the iron in these substances. I have 
not had an opportunity of trying the fossile iron 
from Kamsdorf. 

2. Sulphuret of iron. 

a. Magnetical Pyritesy from Uto.^ 
JlonCi in the matrass^ no change. 

In the open tube, gives off sulphurous acid, 
without any trace of sublimate. 

On charcoal, in the exterior flame, becomes red, 
and is converted by roasting into oxide of iron. In 
the interior flame, it fuses, at a pretty high temi. 
perature, into a globule, which continues red hot a 
few seconds after it is withdrawn from the flame. 
After cooling, it is found covered with an unequal, 
crystalline black mass, . Its fracture is crystalline, 
with a yellowish colour and metallic brilliancy, 

b. Common sulphureous pyrites.^ 

I Composed, according to Hatchett; of iron 63*5, sulphur 
36'5. Phillips. Berzelius calculates it to be a compound of 
1 atom of bisul phuret of iron (28 + 32) 60 -fG atoms of sul« 
plmret of iron (28 + 16 x 6) 264- = 324. C, 

^ A bisulphuret of iron. C. 
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Alone, in the matrass, exhales the odour of 
sulphuretted hydrogen, and gives off sulphur. 
Towards the end of the roasting, we obtain, by 
urging the heat, a reddish sublimate, less volatile 
than sulphur, and whose quantity is variable with 
different pyrites ; it has every appearance oi sul- 
phuret of arsenic. Well roasted sulphureous 
pyrites has a metallic aspect, is porous, attractable 
by the magnet, and behaves like magnetical pyrites. 

On charcaal, its habits are similar to those of 
the magnetic pyrites. 

3. Mispickel (crystallized, from various places).* 

Alone, in the matrass, first gives a sublimate 
of red sulphuret of arsenic, then a black sublimate; 
la^itly, in a strong heat, a grey crystalline sublimate 
of metallic arsenic riise& The residuum, when 
heated on charcoal, gives no more arsenical odour, 
and behaves like magnetic pyrites. 

Oh charcoal mispickel at first gives off dense 
arsenical vapours, then fiises, exhaling the odour of 
arsenic, into a globule having the appearance of 
magnetic pyrites. If the mispickel contain cobali^ 
we detect it after it has been thoroughly roasted 
and fiised with borax or salt of phosphorus in the 
reducing flame, by the glass assmning, when cold, 
its blue characteristic colour. 

1 Common arsenical pyrites. Chevreul's analysis gave, 
arsenic 43'4', iron 34? 9, sulphur 20'1 [Jameson); from which 
Berzelius calculates its composition as 1 atom of bi-arseniuret 
of iron (28 + 38x2) 104? + 1 atom of bisulphuret of xjxmi 
(28+32) 60=16t. C. 
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4. Graphite} 

After long exposure to the interior flame, it be- 
comes yellow or brown ; is infusible, and not acted 
on by the fluxes. 

5. Columbiferom iron, from Kimito, in Fmland ; 
Cinnamon powder tantalite, of Ekeberg.* 
Alone, no change. 

With borax its solution is extremely difiicult ; 
it is only by reducing the mineral to very fine 
powder that it can be made to dissolve in this flux, 
and even then the solution is effected very slowly. 
The glass has a bottle green colour, and until the 
whole powder is dissolved, (which requires several 
minutes) it gives no indication of iron in the ex- 
terior flame, and does not become opaque by flam- 
ing after it is cold. When the whole of the assay 
is dissolved, the glass behaves like that of columbite. 
(See further on.) 

The difference in the phenomena presented by 
columbiferous iron and columbite, arises from a 
large portion of the iron and columbium in the 
former being in the metallic state, and insoluble 
without previous oxidation. 

With salt of phosphorus the solution is much 
less difficult than with borax, and the assay is si- 
milar to that of columbite, containing no tungsten. 

With soda, on platina, the action of manganese 
is evident. No solution. 

» Plumbago, or hlach lead; according to Berthollet's analysis 
it consists of carbon 90*9, iron 9*1 . C. 
» See Afh. i Fysik, &c. B. vi. p. 237. B. 
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6. Magnetic iron ore, and 

7. Peroxide of iron} 

They behave as already described under the head 
oxides of iron, p. 105. They are sometimes found 
mixed with a small quantity of chrome or titanium, 
which are easily detected by the effects to be de- 
scribed when we treat of chromiferous and titani- 
ferous iron. 

8. Sulphate of iron* 

a. Iron vitriol. 

b. Red vitriol (from a shaft in the mine at 
Fahlun, called Insjo). 

c. Ochre vitriol. 

- Heated in the matrass they all give off water, 
and, at a red heat, sulphurous acid, which is known 
by its smell and its action on moistened brazil 
wood paper. 

After being heated red, the sulphate behaves 
with the fluxes like pure oxide of iron. If we 
treat this oxide with soda before the sulphuric acid 
is completely driven off, we obtain in the reducing 
experiment yellow metallic grains of magnetic py* 
rites. If the quantity of sulphuric acid combined 
with the oxide of iron, be so small that its presence 
cannot be immediately ascertained by the odour 
or action of the sulphurous acid disengaged from 
the ignited assay, it may be rendered evident, by 

' The analysis of the first by Berzelius gave peroxide of 
ironjl'86, protoxide of iron 28"14. He considers it as. com- 
posed of 1 atom of the latter, and 2 atoms of the peroxide. 
No. 7 is merely (according to the formula) peroxide of iron. C, 
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treating the oxide of iron with soda on platina foil^ 
and dissolving a little glass in the portion of the 
mass dissolved by the soda. However small a 
quantity of sulphuric acid the assay may contain, 
the liver colour of the sulphuret will be developed. 

9. Phosphate of iron (in bluish transparent 
crystals), from St. Agnes, in Cornwall. 

Alone, in the matrassy gives a great deal of 
water, intumesces, and becomes sprinkled with grey 
and red spots. 

On charcoal, intumesces, reddens by the heat, 
and then very readily fuses into a steel coloured 
globule, with a metallic lustre. 

fFith borax, and salt of phosphorus, behaves 
like oxide of iron. 

With soda on charcoal, in the reducing flame, 
gives grains of iron, which are attractable by the 
magnet. On platina foil there is no indication of 
manganese. 

With boracic acid dissolves readily, and by the 
addition of metallic iron, in the manner detailed at 
p. 129, gives a fused regulus of phosphuret of iron. 

All the varieties of phosphate of iron that I have 
had an opportunity of examining, behave in the 
same manner. 

10. Carbonate of iron. 

In the matrass gives off no water. Some species 
decrepitate violently. In a very gentle heat it 
blackens, and gives protoxide of iron, very attract- 
able by the magnet. 

11. Arseniate of iron. 
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{a). ScoroditCy from Graul, near Schwartzenberg. 

Alone^ in the matrass^ it first gives off water, 
and becomes grey white, or yellowish. In an in- 
tense heat white arsenic sublimes in ismall brilliant 
crystals, and the mass blackens. When cold, it has 
spots here and there on its surface, some red, others 
dark green ; when pounded, it gives a clear grey 
yellow powder. 

On charcoal exhales abundant fumes of arsenic, 
and, in the reducing flame, fuses into a grey scoria, 
with metallic brilliancy, and attractable by the 
magnet. When dissolved in the fluxes, the scoria 
exhibits the effects of iron, and the glass exhales a 
strong smell of arsenic. 

{b). fVUrfelerz, from Cornwall.^ 

Alone, in the matrass, gives off water, and turns 
red. Affords but little or no white arsenic in a 
strong heat, intumesces slightly, becomes red on 
cooling, and, when pounded, gives a red powder. 

On charcoal it behaves with the fluxes like the 
preceding mineral. 

(c). Eisensinter (Eisenpecherz of Klaproth), from 
Freyberg. 

Alone, in the matrass, gives off a very large 
quantity of water, and also, at an incipient red 
heat, sulphurous acid, easily recognised by its 

' Cube-ore. Chen^ix's analysis gave-^arsenic acid SI, 
oxide of iron i^S'S, oxide of copper 9, silica 4, water 10*5. 
Jameson, The formula represents it as composed of 1 atom 
of arseniate of protoxide of iron^ 2 atoms of ^rseniate of per- 
oxide of iron, and 10 atoms of water. C. 

O 
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odour, and its action on brazil wood . paper. No 
gublimate. 

On charcoal contracts, or shrinks (se retire), 
gives off a thick white vapour, and a strong odour 
of arsenic is, for a long time, perceptible. In other 
respects it behaves quite like the preceding minerals. 

In salt ofphosphorm dissolves, and then, being 
exposed to the reducing flame till the whole of the 
arsenic is dissipated in fiunes, it gives, with a small 
quantity of tin, a red globule, whose colour is de- 
rived from protoxide of copper. If we add the tin 
before the total disengagement of the arsenic, the 
globule turns black on cooling, and the appearance 
of copper cannot be produced. 

Remark. — These experiments prove that Klap- 
roth's analysis of Eisenpecherz (Beytrage, v. 221) 
is inaccurate, and that this mineral is a mixture of 
sulphate and arseniate of iron, in proportions at 
present unknown.^ 

12. Chromiferous irony from various places. 

Alone, experiences no change, except that those 
species, which, before they have been exposed to 
the reducing flame are not attracted by the magnet, 
are rendered obedient to it by the action of that 
flame. 

With borax, and salt of phosphorus, solution 
slow, but complete. The characteristic colour of 
iron (with the modifications it experiences in pas- 
sing from the exterior to the interior flame) is only 

' Klaproth's analysis gaye— oxide of iron 67, sulphuric 
acid 8, water 25. Phillips. C. 
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apparent whUst the assay is hot; but when, on 
cooling, its colour disappears, the fine green of the 
oxide of chrome is developed. This effect is much 
more intense if the assay has been acted on by the 
reducing flame, and appears in foil brilliancy by 
the addition of tin. 

Soday on platina foil, does not attack this mine- 
ral, nor receive any colour from it when they are 
fused together. The reducing experiment on 
charcoal gives iron. 

13. Titaniferous iron (Chrichtonite, Menachan* 
ite, Nigrine, Iserine, volcanic iron, iron sand, and, 
in general, every magnetic iron ore with a vitreous 
fracture). 

Alone, infusible, unalterable. With the fluxes 
behaves like pure protoxide of iron; but, if we 
dissolve it in salt of phosphorus, and effect the 
complete reduction of the glass, after the colour 
from the oxide of iron has disappeared it assumes 
a red colour, of various intensity, but deepest at the 
last instant of cooling. The proportion of titanium 
is indicated by the intensity of the colour. If the 
protoxide of titanium be present in considerable 
quantity, its characteristic effect may be produced 
by tin; otherwise, the colour vanishes after fusing 
the mineral with that metal. See what has been 
said already on the reactions of the oxide of tita- 
nium, p. 94. 

Remark. — ^Whei^ we submit oxide of iron, not 
containing titanium, to the preceding trials, the 
glass in which it is reduced presents, after cooling, 

o 2 
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a yellowish or reddish tint, which an inexperienced 
operator, expecting to find a perfectly colourless 
glass, might mistake for an indication of a small 
quantity of titanium. In general, the presence of 
that metal is not to be suspected, if the eflfect be 
equivocal. 

14. Hydrate of iron. (Brauneisenstein, Rase- 
neisenstein, Lepidochrokite, Stilpnosiderite, &c.) 

In the matrass they give off water, and leave 
a red oxide. The stilpnosiderite is fusible in a 
thin lamina, with a strong heat. 

After solution in salt of phosphoi^us^ it gives 
with tin, in a good reducing flame, some traces of 
copper. 

16. Manganese. 

1. Sulphur et of manganese^ from Nagyag.* 

Alone^ in the matrass^ no change. 

In the open tube roasts very slowly without 
giving off any sublimate. The roasted surface as- 
sumes a clear green grey colour, and the interior re- 
mains a long time unchanged. 

On charcoal, in a very good reducing flame, 
after roasting to a certain degree, the thin portions 
of the assay may be fused into a brownish scoria. 
When perfectly roasted, it behaves with the fluxes 
like pure oxide of manganese. 

With hqrax fuses with great difiiculty into a 
glass, which, when cold, has a slight yellowish tint, 

> One atom of manganese , 28 + 1 of sulphur, 16 == 44. C. 
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as long as any a portion of the assay remains still 
untouched. This colour seems to be of the same 
kind as that whidi sulphur gives to the glasses of 
silica and soda. . cWhen the assay is dissolved, and 
the reduction ceases, the colour indicating oxide of 
manganese appears. 

In salt of phosphorus dissolves with brisk ef- 
fervescence, and abundant disengagement of gas, 
which continues some moments after the blast has 
ceased. If we then bring the assay globule near 
the flame of the lamp, we may hear little detona- 
tions occasioned by the inflammation of the com- 
bustible gas which is liberated. If the globule be 
large, it retains its heat so much the better, and the 
phenomenon is prolonged ; at last a large bubble 
of gas bursts out, which bums with a pale green 
light. The disengaged gas is known, bylthe peculiar 
odour of the boiling matter, to be sulphuret of phos- 
phorus, formed by the combination of the sulphur 
with the phosphorus of the phosphoric acid, which is 
disengaged from the latter by the oxidation of the 
manganese at the expense of the acid. In this ope- 
ration the glass presents a peculiar play of colour. 
Whilst liquid it is transparent and colourless, but 
acquires on cooling the same yellow colour as glass 
of borax. Whilst the greater part of the mineral is 
still undecomposed, the mass by cooling becomes clear 
yellow, but afterwards its colour gets brown, and at 
the moment of congelation a fixed substance sepa- 
rates, which makes the globule black. With the 
microscope we see in the interior of the glass. 
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whose proper colour is dark yellow, small blaek par* 
tides in suspension, and towards the end of the 
<^peration the light it transmits is bluish.^ When 
die whole of the sulphuret of manganese is dis- 
solved, and the e£Pervescence has totally ceased, the 
glass becomes perfectly clear and colourless, and 
acquires in the oxidating flame a fine amethyst 
colour. 

With sodoy the solution is imperfect ; a hepatic 
mass sinks into the charcoal, and a half fiised grey 
scoria remains on the surface. 

2. Peroxide of manganese.^ 

Alone^ in the matrass^ no perceptible change, 
if pure, but commonly the best crystallized per- 
oxide of manganese contains more or less hydrate 
of manganese, whose water is expelled by heat, and 
its quantity serves as the basis to calculate the 
commercial value of the oxide ; the more water the 
heated mass gives off, the less peroxide of manga- 
nese it contains, and the less it is worth. 

On charcoal it becomes brown red in a good 
reducing flame. 

In borax and salt of phosphorus dissolves with 

< The cause of this last tint is certainly not derived from 
the sdphur. Can sulphuret of manganese be soluble in the 
salt of phosphorus^ or may there be an oxide of manganese^ 
of an inferior degree to that of the protoxide, and may this 
oxide, like the inferior oxides of copper and bismuth, be 
soluble in the fused acid, but liable to abandon it at the 
moment it becomes solid ? B. 

* One atom of manganese, 28+2 atoms of oxygen, 
16 = 44. C. 
3 
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brisk effervescence from the disengaged oxygen ; 
in other respects it behaves like pure oxide of 
manganese^ (p. 101). A peroxide of manganese is 
found in nature, containing a pretty large portion 
of iron, whose presence is ascertained by exposing 
the glass, particularly that with borax, to a good 
reducing flame. The characteristic colour of iron 
alone remains after the operation. It may also be 
detected by reduction with soda ; the metal being 
reduced and the mass absorbed, it is collected from 
the charcoal by the usual process. 

3. Ferriferous phosphate of manganese^ from 
Limoges (Phosphormangan).^ 

Aloncy in the matrass, gives off a little water, 
which acts on litmus paper as an acid, and turns 
brazil wood paper yellow ; the transparency of the 
glass is not affected. But if we treat the assay in 
the open tube, directing the flame of the lamp into 
it, its sides here and there become opaque from the 
deposition of silica ; the mineral therefore contains 
a little fluoric acid ; yet the water which condenses 
in the tube does not act on brazil wood paper. 

Alone, on charcoal, fuses very easily with brisk 
intumescence, into a black globule, with metallic 
lustre, and very magnetic. 

* Vauquelin's analysis gave, oxide of manganese 42, oxide 
of iron 31, phosphoric acid 27. Jameson* Berzelius con- 
siders it to be composed of 1 atom of subphosphate of man- 
ganese, + 1 atom of subphosphate of iron ; both metals in the 
^state of protoxide. C. 



200 PYROGNOSTIC CHARACTEKS 

With borax fuses easily. The oxidating flame 
develops the characteristic colour of oxide of man- 
ganese, and the reducing that of iron. 

JVith salt of phosphorus fuses very easily. 
Little else than the colour indicative of iron is 
perceptible ; we can however produce a slight tinge 
of manganese by long oxidation assisted by a very 
low ignition. 

With boracic acid fuses. By introducing a 
small bit of metallic iron into the mass, we obtain 
phosphuret of iron. (See p. 129.) 

With soda^ on charcoal^ does not fuse, but in the 
reducing experiment gives a large quantity of phos- 
phuret of iron. On the platina foil the usual action 
of oxide of manganese ensues. 

4. Carbonate of manganese^ from Freyberg.^ 

Alone^ in the matrass^ gives off a little water, 
and decrepitates violently. In a higher heat, car- 
bonic acid is disengaged, and the assay becomes 
greenish grey, which distinguishes the protoxide 
of manganese. In a matrass with a large body, 
or on charcoalj it becomes black by the superoxi- 
genation of the protoxide. On charcoal, in the re- 
ducing flame, it becomes brown black, and the 
effect of caustic lime is perceived by brazil wood 
paper. It afterwards behaves with the fluxes like 
slightly ferruginous oxide of manganese. 

* A mixture of the carbonates of manganese, iron, and 
lime. C. 
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5. Wolfram.^ 

Alone, in the matrass, decrepitates a little occa- 
sionally, and gives off a small quantity of water. 

On charcoal, in a good heat, may be fused into a 
globule, whose surface presents a collection of tolerr 
ably large lamellar, iron grey crystals, having a me- 
tallic lustre. If the assay be only partially fused, 
the crystallization on the surface is confused and 
indistinct. 

With borax fuses readily, and gives the cha?. 
racteristic colours of iron, without enabling us to dis- 
cover from their play the presence of timgstic 
acid. 

With salt of phosphorus fuses easily. In the 
oxidating flame the glass assumes only the tint of 
iron ; but in the reducing flame it becomes dark 
red. A very small proportion of wolfram renders it 
opaque, an exceedingly minute quantity producing 
an evident effect. If we add tin, and blow an in- 
stant, the colour becomes green; but this is not 
well distinguished if it be too intense, for in that 
case the colour is so deep that the globule usually 
appears opaque. Wolfram is completely reduced 
in a good, long continued reducing flame, and the 
green colour disappears, and is replaced by a per- 
manent feeble reddish tint. 

» Vauquelin's analysis gave, tungstic acid 67, oxide of 
manganese 6*25, oxide of iron 18*10, silica 1*5. Jameson. 
Berzelius considers it a compound of 1 atom of tungstate of 
manganese, (36 + 120) 156+3 atoms of tungstate of iron, 
(36 + 120 X 3) 468 = 624. C. 
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IVith soda, od platina foil, decomposes and falls 
to powder. The soda is coloured green by man- 
ganese on the edges. On charcoal it is easily re- 
duced into an alloy of tungsten and iron, which 
may be separated from the charcoal by washings 
&c. 

Remark. — Wolfram sometimes decrepitates very 
strongly, and splits into thin leaves. In that case 
it is usually covered with an earthy, somewhat 
hard, yellow coating, which might easily be mis- 
taken for tungstic acid, but is in reality arse- 
niate of iron, and the wolfram, when acted on by 
the reducing flame, disengages a strong odour of 
arsenic. 

6. Columbite. 

{a). Columbite, from Kimito in Finland.^ 

Mone, no change. 

With borax dissolves slowly, but perfectly. 
The glass presents only the tint of iron ; at a cer- 
tain point of saturation it takes by flaming a grey 
white colour, and when still fturther saturated, it 
spontaneously becomes opaque on cooling. As long 
as it remains transparent its colour is pale bottle 
green. 

I According to Dr. Wollaston's analysis it consists of 
oxide of columbium 85, oxide of iron 10, oxide of manga- 
nese, 4 ; and that from America^ of oxide of columbium 80^ 
oxide of iron 15, oxide of manganese 5. Phil. Trans. 1809. 
Berzelius considers it as composed of 1 atom of columbate of 
manganese (36 + 152), 188 + 1 atom of columbate of iron 
36 + 152) 188 = 376. C. 
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fVith salt of phosphoj'us it dissolves slowly, and 
has merely the colour indicative of iron. In the 
reducing Jlatne the glass does not become red on 
cooling, whence it is dear it contains no tungstic 
acid. 

With soda, on platina foil, the action of manga- 
nese is evident. On charcoal, if we add a little 
borax, which dissolves the columbiferous compound, 
and prevents the reduction of the oxide of iron, we 
obtain, by the usual reducing process, a small quan- 
tity of tin. 

(A). Columbite, from Broddbo.^ 

Alone, no change. 

With borax behaves likes the preceding. 

With salt of phosphorus dissolves slowly ; as- 
sumes in the oxidating flame the colour of iron, 
and, in the reducing, a red colour, which increases 
on cooling, and denotes tungsten. The addition 
of tin does not alter this colour, nor produce in the 
present instance the green colour, which pure 
tungsten gives in similar circumstances. 

With soda, behaves like the preceding, but 

' By one analysis Berzelius found it to consist of oxide of co- 
lumbium 66*06, tungstic acid 5*78, oxide of tin 8*02, oxide of 
iron 10'64> oxide of manganese 10*20. These ingredients 
varied a little in two other analyses^ which afforded nearly 2 
per cent, of lime. PhiUips. By the formula^ Berzelius seems 
to consider it as composed of 1 compound atom of columbate 
of lime, and columbate of iron^ +3 compound atoms of co- 
lumbate of manganese and columbate of iron, -f 1 atom of 
wolfram^ and an atom of tin. C. 
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with soda and borax, in the reducing flame, gives a 
larger quantity of tin. 

(c). Columbite^ from Finbo, 

Behaves like that from Finland, but in the re- 
ducing experiment gives a considerable quantity 
of tin. The proportion of tin appears to be vari- 
able, and some specimens are obviously nothing 
else but columlriferous ores of tin. The presence 
of columbium in these ores is always detected by 
the glass which they give with borax, being more 
or less tinged by iron, and assuming the appear- 
ance of enamel hyjlamittg. 

{d). Columbite^ from Bodenmais.^ 

Jlone, no change. 

IVith borax fuses into a black or very dark, 
almost opaque bottle green glass. It does not be- 
come opaque by flamingo till it has acquired so 
deep an iron tint as to be incapable of transmitting 
light. This serves to distinguish colimibite with 
excess of base, from neutral columbite. 

With salt of phosphorus fiises slowly into a 
glass deeply coloured by iron, in which we can dis- 
cover no trace of tungsten. 

With soda, on platina foil, the action of manga- 
nese is evident ; with soda and bora.v, we obtain 
by the reducing flame some traces of tin. 

' By the analysis of Vogel it consists of columbium 75, 
protoxide of iron 17, protoxide of manganese 5, oxide of tin 
1. Phillips. By Berzelius*s formula it is composed of 1 
atom of sub-columbate of manganese +3 atoms of sub-co- 
lumbatc of iron. C. 
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(e). Columbite, from Connecticut-^ (Haddaw.) 

With borax behaves like the colnmbite from 
Bodenmais, and with salt of phosphorus Kke that 
from Broddbo. It appears, therefore, to be a tung- 
steniferous columbite, with excess of base. 

7. Black mangankieself from Klapperud near 
DaL^ 

Alone, in the matrass, gives a large quantity of 
water free from acidity, and afterwards an empyreu- 
matic gas loaded with vapour, whilst the black 
colour of the assay changes to clear grey. Heated 
to redness, it intumesces, and its colour becomes 
still clearer. 

On charcoal intumesces, and fuses into a glass, 
which is bottle green in the reducing flame, but 
blackens, and assumes a metallic lustre in the oxi- 
dating. 

fVith borax fuses readily into a glass, which in 
the exterior flame is strongly tinged by manganese, 
and in the reducing flame receives a slight tint 
from protoxide of iron. 

With salt of phosphorus, fuses into a colourless 
glass, which becomes amethyst red in the exterior 
flame, and leaves a skeleton of silica. 

With a small quantity of soda ftises into a 
black glass ; a larger proportion of soda gives a 

1 1 have found this columbite in the large grained granite 
containing cymophane. Its gangue is albite, precisely like 
that from Finbo. B. 

* By the formula this is a hydrate of subsesqui silicate of 
manganese. C. 
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black scoria, and the flux is absorbed by the char- 
coal. 

8. Red mangankiesel (Rubinspat), from Lfong* 
banshytta, in Warmelande.^ 

AlonCy in the matrass, no change. 

On charcoal no charge till it b^ns to fiise, 
when it gives, in the reducing flame, a semi-trans- 
parent glass of the same colour as the mineral ; 
but in the oxidating flame, it forms a black glo- 
bule, with metallic brilliancy, whose colour may be 
made to disappear by the reducing flame. 

fVith borax f in the reducing fl^mae, readily Aises 
into a colourless glass : in the oxidating into one 
of an amethyst colour. 

Salt of phosphorus attacks it with difficulty. 
The result of its action is a skeleton of silica, 
and a colourless glass, which in the exterior flame 
assumes an amethyst colour. 

With a little soda fuses into a black glass ; a 
larger quantity of the flux forms a black scoria, of 
difficult fusion, and a still larger quantity causes 
it to pass into the charcoal. 

9. Pyrosmalitey from the iron mine at Nord- 
mark.^ 

1 Bisilicate of protoxide of manganese, by the formula. C. 

* Analysis by Hisinger ; protoxide of iron 21 '810, protox- 
ide of manganese 21*14*0, submuriate of iron 14**095, silica 
35-850, lime 1*210, water and loss 5*895. Phillips. By the 
formula, it consists of 1 atom of bisilicate of protoxide of 
manganese +1 atom of bisilicate of protoxide of iron, in 
mechanical mixture, as Berzelius supposes, with 14 per cent, 
of submuriate of iron and water. C. 
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AlonCf in the matrass, at first gives it off water ; 
by increasing the heat, we obtain a yellow sub- 
stance, (muriate of iron,) which dissolves into little 
drops of the same colour in the last portions of the 
water ; they redden litmus paper, and have an as- 
tringent flavoiu". 

On charcoah with a gentle heat, pyrosmalite 
exhales a weak acid odour, fuses readily into a 
globule, with a brilliant smooth surface and iron 
grey colour. 

With boras fuses readily, and exhibits the cha- 
racteristic colours of iron. 

/Vith salt of phosphorus the solution is more 
difficult, and the interior of the glass continues for 
a long time obscure ; at last the assay fuses and 
acquires the iron tint, leaving a skeleton of silica. 

fFith nitre it exhibits a strong tint of manga- 
nese. 

With soda, on platina foil, it presents the effects 
of manganese. On charcoal it gives a black glass, 
which, with a large quantity of soda, sinks into 
the charcoal. 

If we treat a morsel of pyrosmalite with solu- 
tion of oxide of copper in salt of phosphorus, the 
clear blue aureola, characteristic of muriatic add, 
forms round the globule ; but the phenomenon is 
momentary. 

10. Silicate of manganese, from Kemont.^ 

' See "Nouveau Syst^me de Mineralogie,'* by Berselius, 
Pari8> 1819, p. 277. B. In the note referred to is the re- 
sult of the analysis of this mineral by the author ; it gave him 
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Alone, in the matrass, no change in its appear* 
ance. 

On charcoal, in a very strong heat, fuses on the 
edges and preser^^es its grey black colour. 

With borax fuses readily. In the exterior 
flame it exhibits an amethyst colour, and in the 
interior a slight tint of protoxide of iron. 

In glass of phosphorus dissolves readily, effer- 
vesces, and develops a lively amethyst colour. In 
the reducing flame, the glass becomes colourless, 
presents internally a residuum of silica, uniformly 
difiused through the globule, and is very opaline 
on cooling. 

With soda no solution. 

11. Hydrate of manganese, crystallized from 
Undenas. Earthy hydrate (Wad), from various 
places. 

J lone, in the matrass, gives off abundance of 
water. 

On charcoal^ and with the fua^es, behaves like 
oxide of manganese. 

12. Kupfermangan^ from Schlackenwald. 

Alone, in the matrass, first gives off a large quan- 
tity of water, then decrepitates and splits to pieces. 
The water is not add. 

silica 15*17> chesnut brown oxide of manganese (composed, 
according to Hisinger^ of 1 atom of protoxide + 2 atoms of 
peroxide), 75'80, alumina 2*80, oxide of iron 4f*14. He 
thinks its probable composition is that of a subsilicate, con- 
taining 3 atoms of peroxide of manganese +1 atom ofsiliou 
C. 
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On charcoal^ in the reducing flame, becomes 
brown, but docs not fuse. 

With horax dissolves readily, and assumes the 
manganese tint. In the reducing flame it gives a 
transparent colourless glass, which becomes red and 
opaque on cooling. 

IVith salt of phosphorus fuses readily, and ex- 
hibits the same shades as with borax. If the co- 
lourless glass, obtained by the reducing flame, be 
exposed for a moment to the oxidating, it assumes 
the fine green tint of copper, and retains its trans- 
parency on cooling. If the oxidation be carried 
furtlier, it acquires a bluish amethystine colour. 

fVith soda, no solution ; but, if wc add a little 
borax, we obtain very evident fused globules of 
copper. 

17. Cerium. 

1. Fluate of cerium from Finbo, Broddbo, and 
Bastnils. 

{a.) Neutral fluate^ from the two first places. 

A lone y in the matrass^ gives off a little water. 
At the temperature at which glass begins to melt, 
a slight corrosive action is perceptible on the sub- 
stance of the matrass, at a little distance from the 
assay. The water colours brazil wood paper yellow, 
and the yellowish colour of the assay changes to 
white. 

In the open tube, the flame being thrown into 
the tube, its sides are acted on and rendered opaque 
by the silica which is deposited on them. The water 
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ootidenfled in the tufae jrello^f s braa^ wood piqper. 
The assay becomes yellow brown. 

On charcoal does not fuse ; the colour of the 
mineral merely turns a little brown. 

fVith borax, and salt of phosphorus, the effects 
are the same as those of oxide i^ cerium. (See 
page 100.) 

JFith soda^ fluate of cerium q4its and iutumesces, 
bat does iKxt Aue ; theisoda is absorbed by the char* 
coal, and leaves a grey mass on the surface. 

\b.) Fiuate mth excess of base, from Finbo. 

Alone, in the matrass, gives off water, and its 
colour becomes brown. 

On charcoal, changes ^lour <« being heated, 
and appears blade at a temperature bordering on 
incipient redness ; but, on cooling, it becomes dark 
brown, then fine red^ and lastly orange. This 
change of colour at once distinguishes it from the 
neutral fluate, which does notp&r th^ same pheno- 
menon. It is infrisible. In other respects it be- 
haves with the fluxes like the preceding, except 
that its cohei^on is not destroyed by so4^, and that 
it remains ^ntire^^ at least if the blast be not too 
strong, nor too long continued. 

(c.) FlucUe of cerium^ s&om Bastnas (not as yet 
walysed). 

Jlone, in the matrass, gives ^ff a little inoi&* 
ture, without any change in its appearance. 

On charcoal does not fuse ; turns opaque at a low 
heat ; becomes by the &?e leather dark^, and preaents 
the same changes of odouar as tiiie pi^e^edip^. 



07 MINCRALf. fill 

In the open tube^ und^ the immediate action 
of the flame, it gives very decided indications of 
fluoric acid. 

With horaxt and salt qf phosphorus^ like the 
preceding. 

fVith soda, ndtjier loses its ccixefAon, intmnesees, 
nor dissolves. 

Remark. — ^lliis imnepfal appears to be a subsalt, 
with paiiaps a slighter e^ceess of base than in the 
preceding. 

S. Ctritey from Bastnas, near Riddarfaytta.^ 

Alone, in the matrass, gives off water, and be* 
comes perfectly opaque. 

On charcoal splits here aad there, but does not 
fuse. 

ff^ith borax the solution is effected slowly, in 
the oxidating flame we obtain « deep orange coloured 
glass, whose tint gets clearer on cooling, and at last 
becomes clear yellow ; hj flaming, the glass assumes 
the appearance of white ena^iel, and a slight iroiy 
tint in the reducing flame. 

Salt of phosphorus combines widi 4)he oxi^ of 
cerium, 4ind developes its disting^hing colours. 
The glass is colourless when cold, and the silica 
temains suspended in it» in ^e fi>rm of a white 
i^aque skeleton. 

With soda does not xImsoI ve, but fuses imperfectly 
into an orange coloured scoiiaceQus mass. 

' Vauquelin't analysis gave oxide of cerium 67t silica 17, 
oxide of Iffon 2, time^, vatar and carbenic acid 19. Jameson. 
Acoordiogio;the Amiiida, Baradius .cooaiders it as a sitiqatp 
of protoxide of eeriiivit .composad of S al#ns.af bfMie+S cif 
silica, witii 6 atoms pf water. G. 

p 2 
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/ DIVISION II. 

METALS KOT REDUCIBLE BY CHARCOAL, AND WHOSK 
OXIDES rORM EARTHS AND ALKALIES. 

1. Zirconium. 

Zircon and hyacinth, from Ceylon, Finbo, Fred- 
riksvarn, and Expailly. 

Alone, colourless, transparent zircon suflfers no 
change. The red transparent zircon (hyacinth) 
loses its colour, and becomes either perfectly limpid, 
or very slightly yellow. The brown opaque zircon 
from Fredriksvam loses its colour and becomes 
white, and like glass that is frdl of cracks (fendiU^). 
The blackish zircon from Finbo gives off a little 
moisture, becomes milk white, and has an effloresced 
appearance. None of these varieties are fusible, 
either in powder or thin laminae.' 

fVith borax zircon fuses readily into a diaphanous 
glass, which, at a certain point of saturation, is ca- 
pable of becoming opaque by flaming, and when 
still further saturated, becomes obscure spontane- 
ously on cooling. 

Salt of phosphorus does not attack zircon. A 
fragment submitted to its action retains all the 
sharpness of its edges ; and even when the assay 
has been previously pulverised, we cannot discover 
any effect of the flux. The glass remains perfectly 
colourless (or milky white,if the assay be pulverised), 
both in the oxidating and reducing flame, so that 

■ << Exposed to the powerful heat o£ the gas blofa^ipe zircon 
becomes first opaque, and of a white colour ; afterwards, its 
superficies undergoes a partial fusion, and exhibits a ttAite 
opaque enamel, resembling porcelain,** (Clarke,) C. 
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no trace of titanium which Chevreul found in the 
zircon of Ceylon, and John in that from Norway, 
is perceptible.^ 

Soda does not dissolve it ; it attacks it slightly 
on the edges, and then penetrates into the charcoal. 
On platina foil most of the zircons give traces of 
manganese. 

2. Aluminium. 

1. Telesia. Ruby. Sapphire. Corundum. 
Alone no change, whether in fragment or powder.^ 
fViih borax fiises slowly, but perfectly, into a 

transparent colourless glass, which cannot be made 

opaque by flaming. 

> In examining those rolled grains, similar to hyacinth, 
which we meet with in collections under the name of AdeU 
stensgrus {gem gravel), the greatest part of which is spinel, I 
found some that had every appearance of hyacinths, which 
dissolved in part in salt of phosphorus, and then exhibited a 
slight tint of titanium. It is possible that a mixture of this 
kind of grains, with the zircon of Ceylon, may have led to the 
idea, that that mineral contains titanium. With respect to 
John's result, it is clear from his own description, that what 
he took for titanium was not that substance. 

To obtain zircon from the gem sands of Ceylon, it may 
perhaps be necessary first to heat the zircons and hyacinths 
to redness, and then to select the colourless grains, for those 
which retain their colour are spinels, essonites, or py ropes. B. 

^ By the gas blowpipe, Dr, Clarke fused two rubies into 
one bead ; they lost their red colour in the operation. Pure 
crystallized blue sapphire was also fused, ** and exhibited, 
during fusion, the singular appearance of greenish glass bal- 
loons, swelling out in grotesque forms, which remained fixed 
when the mineral became cool.'' Common corundum fused, 
but.with difficulty, into a greenish translucid glass; the fusion 
was attended with a slightly coloured greenish flame. See 
Gas Blowpipe, p. 54, et seq. C. 
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fFith salt of phoiphdrus fuses slowly (it must 
be in powder) and gradually into a transparent 
glass. If more of the assay have been added than 
mt flux can diMlolve, the undissolved portion does 
dot^ as with the silieates, become transparent; nor 
does the glass become opaline, either by cooling or 
by the action of the exterior flame. 

fVith soda^ no adion^ lior appearance of fusion. 

With solution of cobalt we obtain a dark bine ; 
the more perfectly the assay has been pulvarised, 
the stronger the heat, and the better it is kept 
np, the finer is the colour, for the oxide of cobalt 
acts with considerable difficulty on alumina in thia 
state. 

2. Aluminite^ alumina from Halle.^ 

Alone^ in the matrass^ gives off a great deal of 
water, and, at incipient redness, sulphurous acid, 
distinguishable by its odour, and by its action on 
moistened brazil wood paper. 

On charcoal, and with the fluxesy it behaves 
like alumina. The aluminite, from Newhaven, 
deposits some flakes of silica in its solution by 
phosphoric acid. 

With solution of cobalt we obtain a bright blue 
colour, pleasant to the eye. 

3. Wavellite, from Barnstaple, Annaberg in the 
Palatinate, and from Bohemia.^ 



' Subsulphate of alumina, with water. C. 

^ Berzelius' very masterly analysis of this mineral gave him, 
alumina 35*35, phosphoric acid 33*40, fluoric acid 2*06, lime 
0*50, oxides of iron and manganese 1*25, water 26*80. He 



idF MIN£]tAL£L 215 

Ahne^ in the matmss, gives off w^ter^ the. Ust 
drops of which are acid, have a gelatinous coim8f« 
enc^ in conse^pience of the silica they contain^ wd 
colour brazil wood paper yellow. When evaporated: 
they leave a deposit of silica on the glass, wHch 
disturbs its transparency. Little eirdes of sifica 
form above the assay during ignition. 

On charcoal it intumesces, losea its crystaHine 
form, and becomes snow white. 

fVith borax, salt of phosphanis^ soda, and solu-' 
tion of cobalt, it behaves like aluminite. 

Treated with boracic acid and iron^ in . the 
manner described p. 129f it gives a fused regulus 
of phosphuret of iron. 

4. Lazulite. Blue feldspar^ from Kri^lach.^ 
Phosphate of alumina in an unknown degree, of 
saturation, mixed vdth phosphate of magnesia and 
phosphate of protoxide of iron. 

Alone, in the matrassj gives off water, and losea 
its colour. 

On charcoal intumesces, and, at the point where 
the heat is greatest, assumes a vitreous, blebby 
aspect ; does not fuse. 

considers it to be a subphosphate of alununa with water, pro* 
bably raechaoicaliy mixed with a small quantity of neutral 
fluate of alumina. Nouveau Systame, p. 278. C. 

> The blue mineral from Vorau differs a little from this in 

the phenomena it exhibits. It intumesces much more, and 

falls to pieces ; gvoes no appearance qf fusion, nor any blue 

colour with solution of cobalt, till after having entered into 

fmion (literal) ; the blue it gives then vA sensibly reddish. B. 
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fVith borax fuses into a transparent colourless 



> .'^: 



JVith salt of phosphorus f first becomes transpa- 
rent on the edges, and gradually fuses entirely into 
a colourless diaphanous glass. 

With soda intumesces, but neither dissolves nor 
fuses. 

JVith boracic acid and iron gives phosphuret of 
iron. 

With solution of cobalt produces a fine blue 
colour. 

5. Caldite, Persian turquoise. A mixture of 
phosphate of alumina with phosphate of lime and 
silica, coloured green, or bluish green, by carbonate 
and hydrate of copper.^ 

Alone, in the matrass, gives off a little water, 
and decrepitates with much violence, even though 
very slowly heated. The water has no effect on 
litmus paper. After splitting, the assay is black. 

On charcoal, or in the forceps, becoH\es brown 
in the interior flame, and tinges its poiut green. 
Does not fuse, but assumes a vitreous appearance 

' In these experiments I used a mamellary blue turquoise, 
and a green turquoise ; the latter was given me by the Hon. 
Mr. StrangwaySy as a specimen of the true calaite, and exactly 
answers its description. It is a thin lamina covered on both 
sides with a grey argillaceous substance. Observing that it 
gave the characteristic indications of phosphoric acid^ before 
^e blowpipe, I analysed it in the humid way, and found in it 
phosphate of alumina, phosphate of lime^ silica^ oxide of iron, 
and oxide of copper. Consequently, John was mistaken in 
calling calaite a hydrate of silica. B. 
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on the surface, at the point where the heat acted 
most powerfiilly. 

ffith borax dissolves readily into a limpid glass, 
which exhibits the tint indicative of iron whilst 
hot, and assumes, when cold, a slight copper green 
tinge, if it has been exposed to the exterior flame ; 
or, becomes red and opaque, if to the interior, 
especially if tin has been employed. 

JVith salt of phosphorus fuses easily and per- 
fectly into a transparent glass, which exhibits the 
same alternations of colour as the glass with borax. 

JVith a small quantity of soda, at first intu- 
mesces, and then slowly fuses into a semi-transpa- 
rent glass, coloured by iron. With a larger quan- 
tity of soda it becomes infusible ; if we add still 
more soda, we obtain a considerable portion of 
copper in the reducing flame. 

fVith boracic acid and iron we obtain a regulus 
of phosphuret of iron. 

6. Topaz.' 

Alone, in the matrass, no change, nor trace of 
fluoric acid. 

On charcoal does not fuse.^ The yellow topaz. 



I Vauquelin's analysis of Brazilian topaz gave him, silica 
29, alumina 50, fluoric acid 19, loss 2. Jameson. Berzelius 
considers it to be composed of J atom of sub-fluate of alu- 
mina +3 atoms of silicate of alumina. Klaproth's analysis 
gave much more silica than Vanquelin's. C. 

* By the gas blowpipe. Dr. Clarke fused topaz into a white 
enamel, covered with minute limpid glass bubbles. Gas 
Blou)pij)e, p. 59. C. 
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by a low degree of igmiion, beeomes pale rof^ 
colour, in consequence of the couversion of the 
hydrate of iron into peroxide. This topas, as well 
as the colourless limpid variety, retains its trans-r 
parency. In a very vtnmg heat, the kn^tudinal 
faces of the crystal are covered with numarou^ 
small white bubbles, which give them a frosted 
appearance, but are not easily disconed without 
the microscope; they are not ipereeptible on the 
lamellar surface of the transverse section. These 
little bubbles are not so distinct in the opaque 
topaz from Finbo and Brodbo, but they may be 
enlarged by a good heat to a certain extent, be- 
yond which they usually burst. A very high tem-K 
perature is requisite to produce this effect, and the 
experiment succeeds only with small fragmeents. 

PFitk borax fruses slowly into a transparent glassw 
The limpid topaz becomes white and opaque before 
it dissolves. 

With salt of phosphorus dissolves dowly, and 
leaves a silica skeleton ; the globule is transparent, 
and becomes opaline on cooling. 

IVith a small quantity of soda it is converted 
by laborious solution into a colourless, semi-trans- 
parent, blebby scoria. With a larger quantity of 
soda, it swells up and becomes infrisible. 

With solution of cobalt it gives a blue colour^ 
impure and unpleasant to the eye. 

7. Pycnite, from Altenberg.* 

* Composed of 1 atom of fluate of alumina + 3 atoms of sili- 
cate of alumina. Dr. Clarke fused it into a snow white enamel; 
C. 3 
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Behaves like topaz, except that whm heated by 
itself, the bubbles are produced more easily and in 
larger quantity. 

8. Disthene, from St. Gothfttd, and Norway 
(Cyanite, Sapparc), and Rhcetiaite, from the Tyrol/ 

Alone, no change at a red beat; in a very strong 
heat, whitens without fiising ; even its powder is 
infusible. Rhcetizite becomes red at a low heati 
but in a more intense one it turns white. 

fVith borax fuses slowly, but perfectly, into a 
transparent coloiurless glass. 

fVith salt of phosphorus dissolves in part, and 
leaves a blebby, semi-transparent silica skeleton. 
The globule does not become very sensibly opaline 
by cooling. 

fVith a small quantity of soda fuses imperfectly 
into a blebby, semi-transparent, rounded mass. If 
fused in the exterior flame, the assay assumes a 
pale rose colour, and becomes transparent in the 
coloured part. Exposed to an intense heat in the 
interior flame, this colour disappears, and cannot 
be reproduced by the exterior flame. It is deve* 
loped better on the platina wire than on charcoal, 
by means of a pretty large quantity of soda, for the 
charcoal absorbs the soda before it can act on the 
assay. The red colour is much more apparent in 
the cyanite from St. Gothard than in that from 
Norway; the glass formed with the rhoDtizite 
merely becomes yellowish. A larger proportion of 

* A subiilieate of alumina. Boforo the flame of the gas 
blowpipe, dittheno Awed readily into a mow white frothy 
enamel. Clarke. C. 
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soda causes the assay to intumesce, and renders it 
infusible. 

PTiih solution of cobalt, in a strong lieat» it 
assiunes a fine deep blue colour. 

9- Nephdine (primitive), from Vesuviua^ 

Alone, on charcoal, its edges become rounded, 
without any sensible intumescence; cannot be fused 
into a globule, but gives a blebby, colourless glass. 

With borax fiises slowly, and without effer- 
vescence, into a transparent colourless glass. 

With salt of phosphorus dissolves without effer- 
vescence, and leaves a silica skeleton. The glass 
globule becomes opaline on cooling. 

With soda, at first intumesces, then fuses into a 
blebby colourless glass. 

With solution of cobalt the unfused portion of 
the pulverulent mass has a greenish grey colour ; 
the fused edges are grey blue. 

Remark. — It is evident from these experiments 
that cyanite and nepheline differ in their composi- 
tion, although the analysis of the first by Klaproth, 
and that of the second by VauqueUn, give nearly 
the same result. 

10. Finite, from St. Pardon, in Auvergne, and 
from Greenland.^ 



> According to the min^ralogical formula annexed, it 
consists of 1 atom of silicate of soda +3 atoms of silicate of 
alumina. C. 

* The last was given me by M . Haiiy. It is crystallized 
in the form of a hexahedral prism, and purer than the fornoer. 
Finite may, in general^ be said to behave like fusible crystal- 
lized alumina. B. 
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Alone, in the matrass, gives off a little water, 
without any change in its appearance. 

On charcoal whitens, and tiises on the edges 
into a white blebby glass. The pinite from Au- 
vergne becomes covered with coloured spots. The 
most ferruginous variety sometimes fuses readily 
into a blade glass. 

fFith borax the solution is extremely difficult, 
even if the assay be pulverised. The result is a 
transparent glass faintly tinged with iron. 

Salt of phosphorus has no visible action on a 
fragment of the Auvergne pinite, but the bead ex- 
hibits a tint of iron as long as it is hot. When 
pulverised, it is decomposed by a prolonged heat, 
and leaves a residuum of silica. The glass becomes 
opaline on cooling. The pinite from Greenland is 
more easily decomposed by salt of phosphorus ; in 
other respects its glass exhibits the same properties. 

With soda dissolves slowly into an opaque glass, 
slightly coloured by oxide of iron, and of difficult 
fusion. 

11. Fahlunite, from the mine of Eric-Matts, at 
Fahlun. 

Jhne, in the matrass, gives off water free from 
acidity. 

On charcoal whitens and fuses on the edges 
into a white blebby glass. 

fFith borax fiises slowly into a glass slightly 
coloured by iron. 

IVith salt of phosphortis decomposes, and leaves 
a skeleton of silica; the glass is transparent, and 
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tinged by iron whikt hat, Imt heooMes ^opaline 
and colourless on cooling* 

ff^ith soda does not due^ye^ but MMimeB the 
ai^anuioe of aeoriay and baoomoi tinged c( a yd^ 
lomshcoimr. 

12. ^/e^me, £tnm £«x0tty^ aad TluuriB^ 

^/one, in the matrass^ gives off slightly add 
water; and beecunea sprinkled with Mack spots. 
The substance is pereeftFed to be heterogeneous^ and 
traversed by -white testaceous lanainse, whidi art 
not coloured. 

On charcoal, or in the forceps^ it does not fisse; 
but iutumesces, and readily fEdls to powder^ and 
indicates the presence of eopper» by the green m» 
feur it imparts to the flame. 

With boras fiises very slowly iuto a oolourless 
glass, which in the interior flame assumes a paie 
red tint» and with the help of a little tin, a dark 
red odJoiu:* &om protoxide of copper. 

Sati of phosphorus readily decomposes aJloj^iane, 
leaves a silica skeleton, and exhibits slight tints 
oi the colours indicative of copp^. Tin colours 
the glass red. 

Soda does not dissolve it.; the assay beeomes 
green in the oxidating flame, and red in l^e re- 
ducing. By the additiw c^ borax, w^ ^aay e^ract 
globules of metallic copper. 

18. CarphoUte^ firom fii^Uackenwald, in Bo- 
hemia. 

Alone, in the matrass, gives off water, wlndsi, by 
igmting the assay, is acid, attadu the glass, and 
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yeDows iarattt wood paper. The tddes of tibe ma- 
trass are covered here and there with fiUica^ depo* 
idted by the £uoric add. 

On charcoal first mtumesces, iiwa whitens, aad 
fosesidowly into a hiovm opaque glaas, which be- 
comes mjfldii dadcer in the exterior flame than in 
the interior. 

fVitb Aord^ foses into a tranqp«rent glass, which 
assumes tibe colour of manganese in the cKtaior 
flame, and beoomes greenidi in tibe interior. 

With salt of phoipharus intumesces, and leaves 
a glassy dceleton of silica, which, contrary to its 
usual hafait, dissolves with the gi*eatest ease into a 
transparent glass, &at becomes treiy opaline on 
cooling. In i^ oxidating flame it assumes a sen^ 
sible amethystine colour. 

With soda does not dissolve on charcoal. The 
assay intumesces, and assumes a fine green colour. 
Onplatinafoih on the contrary, it dissolves in a 
fiujfficient quantity of soda, and forms a dark green 
mass easily fusible. 

With solution of cobalt assumes a rather impure 
dark Mue colour. 

With boracic add and iron exhibits no trace 
of phosphoric acid. 

14. Staurotide, from Saint Gothard.^ 

* Klaproth made two analyses of this mineral, in which the 
proportions of the alumina and silica are sufficiently discor- 
dant. In one the alumina is stated as 52*25 per cent., in the 
other as 41 ; and the silica in the former as 27, in the latter 
S7'5. The oxide of iron is very nearly the same in both, 
18*25. Jameson. From one of these analyses, which he 
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yllone, in fragment, infusible, and mSkx^n9 
change, except that its colour becomes darker, and 
almost blade. In powder it &ses on the edges 
into a black scoria. 

IVith borax fuses slowly into a transparent daik 
green glass, coloured by protoxide of iran^ •■. > 

With salt of phosphorus^ unless the assay be in 
powder, the fusion proceeds extremely slowly. Little 
or no silica is left in the solid form ; the glass whSfit 
still warm is transparent, and yellowish fpceen^ but 
becomes opaline and loses its cdiour on oooling^ 

Soda does not dissolve it, but combines with, it 
with effervescence, and forms a yellow socnia. 

fVith solution of cobalt it does not become peiv 
fectly blue, but the fused parts assume a dark co- 
lour, inclining to dirty blue. 

15. Almandine, argillaceous garnet .^ 

Alone, becomes brown by heat, but recovers its 
natural colour on cooling ; fiises without the slight- 
est intumescence into a black globule, with an un- 
polished, metallic surface, and appearing as if 
covered with a pellicle of reduced iron. Whilst 
cooling, a cavity forms somewhere on the globule, 
from the contraction of its parts. Its fracture is 
vitreous. 

frith borax fuses very slowly into a dark glass 

alludes to in the Nouveau Syteme, Berzelius calculates the 
composition of Staurotide, which, from the formula, he con- 
siders as composed of 1 atom of sub-silicate of iron + 6 
atoms of sub-silicate of alumina. C. 

» By the formula, composed of 1 atom of silicate of iron 
+ 1 atom of silicate of alumina, C. 
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tinged by iroiL The solid nucleus inclosed in the 
glass appears dark. 

Salt of phosphorus decomposes it, occasions in- 
tumescence, and the formation of a skeleton which 
tit first is* white, spotted with black, but becomes 
colourless by a prolonged blast. 

As long as the skeleton retains its cohesion, 
the glass is transparent after cooling; but if we 
continue to blow till it fiises, the globule becomes 
opaline on cooling. 

By soda, almandine is decomposed, and intu- 
mesces, then fuses into a black globule with a 
metallic lustre. An increased quantity of soda does 
not diminish its fusibility. On platiua foil, we dis- 
cover traces df manganese. 

16. Garnet, from Finbo.* 

A4o9ie, fOn charcoal, behaves like the preceding, 
except that the surface of the fused globule is me- 
tallic only in some places. 

JPHth boras fuses like almandine, but in the 
oxidating flame, the saturated glass assumes the 
xolour of amethyst. 

ff^ith salt of phosphorus behaves like alman- 
dine. 

Soda decomposes it ; with a small quantity of 
that flux it fuses slowly into a black globule; a 
larger d^ise lessens its fusibility, and at last entirely 

' It8 composition, by the formula, is supposed to be 1 atom 
of bisilicate of protoxide of iron + 1 atom of silicate of 
protoxide of manganese +^ atoms of silicate of alumina. 
C. 
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destroys it. On plataha foil it exhibits the efifects 
of manganese very distinctly. 

17* Garnet^ from Broddbo.' 

AlonCf fuses \nth slight bubbling into a hhdi 
globulei, whose whole surface shines with vitreouis 
brilliancy.^ 

With boraw behaves like the preceding. 

With salt of phosphoruf also like the preced- 
ing ; but the globule does not so readily become 
opaline on cooling. > 

With soda^ like the preceding. 

18. Diaspore.^ 

< The formula states its composition as I atom of bisilicate 
of protoxide of iron -I- 2 atoms of silicate of protoxide. #f 
manganese -|- 2 atoms of silicate of alumina. C* 

* The aluminiferous garnets (lergranater), appear tp be 
double silicates of alumina, and one of the four bases, pro- 
toxide of iron, protoxide of manganese, magnesia, and lime; 
sometimes of two of them, or CTen of all together. If the pro- 
toxide of iron predominate, the ^ garnet is covered^ after 
fusion, with a pellicle of reduced iron ; but in proportion as 
it contains a larger quantity of the other bases, the iron 
coating is thinner, and disappears, and the surface of the 
globule becomes vitreous. In this way we can, by the blow- 
pipe distinguish the calcareous garnet (aplome), from, the 
garnet containing protoxide of iron (almandine). Thf gar- 
nets, Nos. 16 and 17> are mixtures of garnet with protoxide 
of iron^ and garnet with protoxide of manganese. B. 

3 This mineral is as yet knowii only by an unique specimeh 
which M. Le Lievre met with at a dealer^s. M. Haliy, who 
has described it, had the goodness to give me a small piece of 
tliis substance, for experiment, taken from the specimen he 
received from M. Le Lievre; According to Vauqueliiv's 
analysis, it must be a hydrate of alumina ; but the effects I 
obtained, show that it contains, besides, an alealrnc clement. 

7 
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jthntf in the matrass, SectespitBLteB violeiiUy» aoid 
qdits into small white bnlliant scalesi During 
the decrepitation it gives off but little water, but 
when it is nearly red hot, it affords a pretty large 
quantify ; henoe it retains the water with consider- 
able force, resembling in that respect most of the 
hydrates. If after we have heated the scaly firag- 
mentis of the assay to slight redness, we place them 
mi reddened litmus, or brasil wood paper, moisten- 
ed with water, each scale forms a -blue stain on the 
spot where it lay, and around it. 

On charcoal the small scales are inftudble. 

IVith borax the scales fuse readily into a colour^ 
less glass, which does not become opaque hy flaming. 

With salt of phosphorus they ftise pretty rea- 
dily into a colourless glass, without any siliceous 
residuum. 

Soda has no action on them. 

With boracic acid and iron they give no indi- 
cations of phosphoric acid. 

With solution of cobalt they assume a fine blue 
colour. 

19. Clays. 

(ft.) Fullers' earth, from England. 

Alone, in the matrass, gives off water, and be- 
comes clear at first, but afterwards turns brown, 
and exhales an etnpyreumatic odour. The disen- 
gaged water acts feebly like solution of ammonia. 

B. Vauquelin's analysis gaye^ alumina 80, water 17, riron 
0*3. Phillips, There is a small specimen of this very rye 
substance in the British Museum. C. 

Q 2 
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On chdr<:oal it crackles, and even splits with 
violence, unless very gradually heated. By a c^ 
tinned heat it whitens, and fuses into a white 
blebby glass. 

Boraa^ dissolves it sloidy, so that thfe last pbt- 
tions require for the fusion a prolonged blast. The 
glass is transparent and colourless. 

tVith salt of phdsphorus it fuses, leaving u 
silica skeleton, into a transparent glass, which, 
after a brisk blast, becomes opaline on cooling. 

TVith soda fuses into a glass globule of a bottle 
green colour. 

IVith solation of cobalt it blackens. 

{b.) Cologne clay. 

Alone f in the matrass^ it gives off water like the 
preceding, but the water is not alcaline. 

On charcoal^ or rather in the forceps^ it must 
be heated gradually if we wish to prevent its split- 
ting ; it then fuses in the thin parts with a strong 
heat into a white glass. 

With boraa'j salt of phosphorus, and soda, beV 
haves like the preceding. 

JVith solution of cobalt^ it ^ives an impure blue. 

(c.) Stourbridge clay, clay from Rouep; and 
from the coal mines of H6ganfis^; commonly called 
apyrous clays} 

In the matrass they behave like the preceding. 

» Trisilicates of alumina. The formula is calculated from 
M?. Sefslrom^s analysis of the clays from Stourbridge, and 
Helsinborg, i^n the Annales du Bureau des Fers, (Jcrn.con- 
toirets Annaler), for tl*c year 1820. B.. 
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. On charcoaU with a gentle heat, they lose their 
deep brown colour, and beeome white. By a strong 
}ieat they lare converted in the thin parts into a 
colourless g}ass. having the appearance of a scoria^ 
but do not fuse into a* globule. 

JVith borax and salt of phosphorus^ they heha;^. 
like the preceding^ 

fVith soda they fuse into a transparent glass^ 
slightly coloured by iron* 

Iff ith solution of cobalt w€t obtain a pale blue. 

8.. Tltrium.- 

1. liuate ofyttrla and cerium^ from Finbo. A 
mechanical mixture of fluate of yttria, and fluate of 
cerium^ with silica, either in the state of silicated: 
fluoric acid, or as a mechanical aggregate. 

It behaves like the neutral fluate of cerium 
(p. 209), except that we may add a large quantity 
of it to the glass of borax, before it acquires the 
property of becoming opaque by flaming. The 
most siliceous earthy fluates give with soda a co- 
herent scoriaceous mass, on which a further addi- 
tion of soda produces no change. 

2. Vttro-columbite, from Ytterby, and Finbo. 
Black and yellow, a mechanical mixture of sub^ 
columbate of yttria, with small quantities of the 
sub-columbates of lime and uranium, and some, 
times with columbite and tungsten. Dark yttro- 
columbite, a tri-sub-columbate of y ttra, mixed with 
the same substances. 

Alone, in the matrass, gives off water, and the 
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Mack ranety becomes yelldw; some spedmeiKllie* 
come spotted, from eontainiiig black partide^ w^ 
idterable by. the beat. In a red heat it whiteM^ 
and the substance of the matrass abore the assay 
is acted on ; the water, which is disengaged at the 
mt^ time, at first turns brazil wood paper yelkrw^ 
and then bleaches it. 

With bofd'tf fuses into an almost cc^mless 
glass, which, in a certain state of saturation, may 
be made opaque by fiaming, and when still m«ri^ 
saturated, becomes opaque spontaneously. 

fVith salt of phosphorus at first is decomposed; 
the oxide of columbium retains the soli^d skate,, 
in the form of a white skeleton, but is fusibk 
by a prolonged Mast. The black yttro-oohnn^ 
bite, from Ytterby, pves a glass which, aft^ 
exposure to a good reducing flame, aoquitea on 
cooling a s%ht rose colour from the presesefe of 
a certain quantity of tungsten. The dark and 
yellow varieties from Ytterby assume on coding 
a fine pale green titit, from a portion of uranium 
which they contain. In the yttro-columbite fr<mi 
Finbo, and Korarf, the effect of the uranium is con- 
cealed by a very intense colour derived from iron. 

IVith soda decomposes without dissolving. On 
platinafoil the effect of manganese is visible. By 
reduction with soda and borax we obtain from 
some varieties particles of tin, but that from 
Finbo contains so much iron, that the tin cannot 
be perceived. 

8. Gadollnitt A silicate of yttria. 
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(a.) GadoUnitef from Koradl A mixture of 
gadolinite vnth small quantities of bisiUcateof lime, 
&ad the silicates of protoxide of manganese^ ce^ 
rium and iron, and silicate of gludne.' 

jilone, in the matrass, gives off a little water. 

On charcoal whitens, amj^ in a good flame, fuses 
(juietly into a dark or reddish pearl grey glass. 

fVith borax fiises readily into a transparent 
glass, very slightly coloured by iron. If we satu- 
rate the vitreous globule, it becomes opaque, crys* 
tallizes on cooling, and assumes a grey colour in^ 
eUning to red or green, according to the degree of 
oxidation of the iron ; but it does not, like pure 
yttria, acquire the opacity of enamel 

With salt of phosphorus, fuses, except a silica 
skeleton, into an almost colourless glass, wbiifli 
becomes opaline on cooling. 

With soda fuses slowly into a red grey sccnia. 

Oh platina foil the effect of manganese is pro-* 
duced. 

{b.) Qaddinite, from Ytterby, Broddbo, and 
Fihbo, vitreous gadoUnite.^ 

< The specimen used in these experiments was of the 
purest species, with a yellow granular fracture. The other 
species often contain a nucleus of vitreous gadolinite, and 
when we assay this natural mixture by the blowpipe, we ob- 
tain complicated effects^ from the blending together of the 
re-actions of the two species. B. 

^ By the formula, calculated from his own analysis, Berze- 
lius considers its composition as, 4* atoms of silicate of yttria 
+ 1 atom of sub-silicate of cerium + 1 atom of sub-silicaue 
of protoxide of iron. Klaproth's analysis of gadolinite gave 
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Tbe$e gaddlinit^ are (^ two species, xme (a) has 
a perfect resemblanfice to a piece of falaek glass ; the^ 
oj^er {b) haa a in(»re splintery, and a iMunroWec 
oonchoidal fracture.^ 

(a.) AlonCf^ in the matrass no change ; gives off* 
no moisture If we heat the matrass till it b^iiis to 
fuse, at a*^ certain moment the assay suddenly shine» 
^ if it had taken fire ; at the same time it dilates 
a little^ ai^ if it be <^ larger dimensions thail> 
usual, it splits here and there, and becomes cl^aiT: 
green-grey. Nothing volatile is given off. 

On charcoal the same phenomenon occurs ; it 
does not fuse, but the thinnest parts blacken in 9^ 
strong heat. 

. (A.) AlonCy intumesces, throws out cauliflower- 
Uke ramifications, and becomes white, guying off 
moistiure. It rarely presents an appearance somcr 
what similar to the species of ignition mentioned 
above. With respect to the fluxes, both gadolinites 
behave alike. 

. With borax they fiise readily into a daxk glass, 
strongly coloured by iron, which in the reducing 
flame becomes deep bottle green. 

With salt of phosphorus fiise with extreme dif- 
ficulty. The glass assumes an iron tint, arid the 
fragment becomes rounded on the edges, but re- 

5*5 per cent of glucina, and makes no mention of cerium • 
C. 

' The m6st vitreous of the two contains no trace of glu- 
cme. It probably was from the one which breaks into splin-^ 
ters,'that Ekeberg obtaimpd 4 per cent of that earth. B. ^ 
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mains white and opaque, so that the phosphoric 
acid does not in this instance effect the 'separation 
of t^e nlica ; it is principally by this character that 
the gadolinitesy a and b, are distinguished' firom; 
that from Korarf. 

ff^ith soda the variety, a, dianges into a semi* 
fused brown-red scoria. The variety, bf fuses into 
a globule, if the quantity of flux be not too great. 
On platina foil neither of them gives the least in-' 
dication of inangwesie. 

4. Glucinium. 

1. Emerald^ Beryls 

Alone J no change with a gentle heat. A thin 
scale, with a long continued strong heat, becomes 
founded on the edges, and forms a blebby colour- 
less scoria. The transparent species tiums niilk 
white where the heat was strongest. 

IVith] borax fuses into a transparent colourless 
glass. The chrome green emerald gives a glass, 
which on cooling assumes a light green tinge, pure 
and pleasant to the eye. 

With salt of phosphorus dissolves slowly, with- 
out any siliceous residuum. The assay does not 
change its appearance, but continually diminishes 
in size, and at last fuses into a globule, which be* 

» By the formula, calculated from his own analysis, Berze- 
lius sUtes it to be composed of 1 atom of quadri-silicate of 
glueing -h 2 atoms of bi-silicate of alumina. G. 
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oomes opaline on eooling. The chrome green, 
emerald gives a green glass. 

fVith soda fuses into a transparent colourless 
glass. The yellowish emerald, with a granular frac- 
ture from Broddbo, and Finbo, gives in the reducing 
experiment evident traces of tin. 

ff^th solution of cobalt gives an impure very 
slightly^ bluish colony. 

2. Euclase} 

AlonCf not changed by slight ignition. In a 
stronger heat» intumesces, whitens and throws out 
ramifications ; at last, in a very intense heat, it 
fuses on the edges into a white enamel. 

With borax intumesces, wil^ slight effer-* 
i^escence, and whitens ; then fruses slowly into a 
tnu^sparent colourless glass ; the fusion of the last 
portions is difficiilt. The glass does not become 
opaque by flaming. 

With salt of phosphorus decomposes, with mo* 
mentary eflTervescence ; gives a silica skeleton of 
more than ordinary whiteness, and experiences no 
further decomposition. The glass is transparent 
and colourless, but becomes opaline on cooling. 

With a little soda fuses into an opaque globule, 
and, with a larger quantity, into a transparent glass, 
which becomes opaque on cooling ; a still larger 
portion of soda penetrates into the charcoal: what 
remains fuses as before. In the reducing experi« 
ment we obtain traces of tin. 

I One atom of silicate of glucina + 2 atoms of silicate of 
alumina, calculated from ihjt author's own^ analysis, €• 
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5. Magnesium. 

t. Bitter salt, from Catalayud in Spain.* 

Alone^ in the matrass^ gives off a large quantity 
of water, free from acidity ; the salt frises, and ex- 
periences no frirther change, at the temperatore at 
which glass melts. When a drop of water is let 
fall on it, it gives out heat and hardens. If we 
heat the desiccated salt on charcoal, or in the 
forceps, it frises afresh. On charcoal, at a certain 
temperature, tibe heat penetrates it almost instant- 
ly, and it emits a hrilliant light, which lasts as 
long as we continue the hlast. After this, the 
assay is infrisihle, having lost its sulphuric add. 
Flac^ on moistened hrazil wood paper, or on red- 
dened litmus paper, it tinges hoth blue. 

JVith bora.v, and salt of phosphorus, bitter salt 
behaves like magnesia, (p. 81.) 

fyith soda intumesces, but does not fuse ; when 
moistened the assay exhales a hepatic odour. If we 
place a particle of the desiccated salt on glass, with 
an excess of soda, the latter becomes liver co- 
loured. 

fVith solution of cobalt it gives a rose colour of 
a fine but pale tint. 

2. Magnesite, from Baudissero.^ 

' Composed of 1 atom of sulphate of magnesia 60-^7 atoms 
of water, 63=123. C. 
* Magnesite from Stiria, analysed by Klaprotb, gave^ mag- 
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Alone, in the matrass, gives off no water, or only 
a very small quantity. 

On charcoal it cracks a little, and shrinks con- 
siderably, after which it acts on moistened brazil 
wood paper like ^an alcali. 

With borax^salt of pho^phorus^ soda, and solu" 
iion of cobalt y\i presents the phenomena.described 
under the head Magnesia, (p. 81.) 

3. Boracitc, from, Lunebourg.^ 

Mone» in the matrass, no change. 

On charcoal fuses and intumesces. It is diffi- 
cult to obtain the globule transparent, whose sur- 
face i3 bristled over, on cooling, with needle crys- 
tals. The glass is yellowish whilst hot, but be- 
comes white and opaque on cooling. 

With borax fuses easily into a transparent glass, 
tinged by iron. 

With salt of phosphorus fuses readily into a 
transparent glajss, capable of becoming opaque by 
flaming. With a larger proportion of boracite, it 
becomes opaque spontaneously on cooling. 

Soda dissolves it. If we only add the quantity 
of soda necessary to obtain a transparent glass with 
the assay whilst liquid, on cooling, it forms cry* 

nesia 48, carbonic acid 49, water 3. Phillips^ By the for« 
mula, it is aa anhydrous carbonate of magnesia (20+22) 
= 42. C. 

' By Vaaquelin*8 analysis, it contains boracic acid 83*4, 
magnesia 16*6. Phillips. By the formula, calculated from 
Stromeyer^s analysis, it is a bi-borate of magnesia (20+46) 
= 66. C. 
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Btalfi with broad facets, as perfect as those of phos- 
phate of lead. With a larger proportion of soda 
ve fobtsin « transparent glass, incapable of crystal- 
lizing, which is merely a solution of magnesia in 
glass of borax. 

Remark. — If boracite, preisiously decomposed 
thy soda on charcoal, i^ pulverised.and dissolved in 
muriatic acid, a slip of paper dipt into the soluticm, 
dried and then moistened with alcohol, aid .burnt 
whilst moist, tinges the flame green .towards . the 
end of the combustion. 

4. ChondroditCf from Pargas, Aker, and Ame- 
rica. The BrucUe of the Americans.' 

Alone^ in the matrass^ blackens by heat, but 
gives no appreciable quantity of water ; the black 
eoleur disappears by roasting in the open air. 

'On^chanoal it is infusible. The most femi« 
ginous chondrodite becomes opaque and brown, on 
the points that are most strongly heated. The 
variety containing less iron, that from Aker, for in- 
stance, becomes milky white,'by the effect of heat. 

fVith borax fuses slowly, but completely, into a 
transparent glass, sUghtly tinged by iron. If the 
glass be saturated with the chondrodite, it loses its 
jtransparency by flaming ; it does not, however, be- 

'' Sdioate of magnesia,'^ Almont all the magnesian-iilicites 

'•contain a combustible 'Subitance, which becomei cbarved 

when heated in doBe vessels. If the mineral be then heated 

in the open air, tlie ch^vcoal burns away, and the^black 

colour disappears. Steatite is a Temarkable instance. JB. 
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oomie miBtjr whit^ but semi-trahducidy utid 6rjs^ 
taUine. 

fFitk salt of phosphorus decomposes pretty 
easily, and leaves a semi-transpaioit Alioeous re* 
siduum ; the glass is dear and colourless, but be- 
comes opaline on cooling. 

A small quantity of soda transforms it into a 
difficultly fosiblegtey scoria; mth a larger quan- 
tity it mtumesces and becomes infusible. 

H^th solution o/jcobalt, in a strong heat, it gives 
a pale red colour, not pleasing to the eye. Chon- 
drodite from Pargas gives a brown-grey, the action 
of the iron preventing that of the oxide of cobalt 
on the magnesia. 

5. Pyrallolite^ from Pargas.* 

Alone in the matrass, gives off water, blackens, 
and an empyreumatic gas is disengaged. Roasted 
in the open air it becomes white, swells up, and 
aemi-fuses on the edges into a white, slightly blebby 
enamel. 

fFith boras frises readily into a transparent 
glass. 

fVith salt of phosphorus decomposes, and leaves 

' Bisilicaie qfnutgnesia.'^'SordenfikoM (Bidrag tiO narmare 
iannedom of Findlands Mineralier och Geognosies 1 H, p. 
31), considers this mineral as formed of 1 atom of bisilicate 
of alumina + 1 of quadrisilicate of lime +6 of bisilicate of 
magnesia -|- 2 of water; but its marked resemblance to the 
Steatite from Bayreuth leads to the idea that the lime and 
alumina are not essential constituents of it. B. 
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a semi-traitsparent silica skdetmL The glan is 
diaphanous and colourless, and becomes opaline oft 
cooling. 

With soda fiises into a transparent glass, slightt 
ly coloured by iron. 

IVith solution of cobalt vre obtain no veryd^i^ 
dded colour, till the assay is fused on the edges, 
when it gives a blue glass, slightly indiiung te 
red.* 

6. Ecume de mer^ from Turky, and Valecas in 



Alone^ in the matrass^ gives off water, exhales an 
empyreumatic odour, and blackens. > 

On charcoal recovers its whiteness, oontractd ^ 
considerably, and fuses on the thinnest edges into 
a white enamel. 

With borax and salt of phosphonts behavep 
like the preceding mineral. 

With a sufficient quantity of soda fuses into ft 
transparent glass ; too much or too little of the flux 
makes the glass opaque. 

With solution of cobalt assumes a fine Uliip 
colour. 



> In consequence of the large quantity of magnesia con- 
tained in this mineral, we should have expected to obtain a 
red colour ; but other minerals equally loaded with magnesia, 
as the malacolite from Tjotten, also give a blue glass, 
whilst some that are less so give a red glass. I do not yet 
know the cause of this anomaly. B. 

^ By the formula,'a tiiiiUcate of magnesia, with 5 atoms Of 
water. C. 
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7. NdUe serpentine 9 fix>m SkyttgrufVi^ neto 
Fahlim.* 

Jtone, in the matrass, gives off water and 
blackens. ' 

On charcoal, whitens by heat, and may be fuised 
in a good flame into^ an enamel, on the tiiin edges. 

Jfith harajp fiises slowly into a greenish trans* 
parent glass. 

With salt of phosphorus behaves like the pre- 
cecUng minerals. 

JVith a certain quantity of soda we obtain, not 
without difficulty^ a semi-liquified mass, resembling 
enamel. If the quantity of soda be increased, the 
assa]^ swells up liind becomes infusible. 

Solution of cobalt gives it a red colour. 

8. Common serpentine, yellow, translucid from 
Sala, and Bayreuth. 

Alone, in the matrass, and on charcoal, behaves 
like the preceding. 

With borax fuses slowly, though with a large 
quantity, into a transparent glass, incapable x>f be- 
coming opaque by flaming. 

With salt of phosphorus, soda, and solution of 
cobalt, it behaves like the preceding. 

Q. Seifenstein, from ComwalL* 

Ahne, in the matrass, gives off water and 
blackens. 

' Composed, by die formula, of I atom of hydrate of mag* 
nesia +1 atom of bisilicate of magnesia. C. 

* Bisilicate of magtresla, witli bisHicate of alumina, an atom 
of each, and 2 atoms of water. C. 



On charcoal becomes white again^ and idfter- 
wards ftises into a colourless glass, fuU of bubbl^fSj. 

fVith borax fuses slowly, but complet^ly^ ixEjbp a 
transparent glass. ' , •, 

With mlt <>/*pAojrpAorti^ behaves like pyrallolite. 

fVith sodaj in a strong heat^ may be imperfe^y 
fused into a semi-transparent glass, which doesl. not 
become more fusibleby an additionalquantityof soda. 

Solution of cobalt gives an ioipure dark violet 
colour ; the fused edges are blue. 

10. Nephrite^ Jade^ from the environs of Geneva, 
. Alone^ in the matrass, scarcely givea off an; 
water, nor blackens. 

On charcoal fuses with difficulty into a white 
glass. 

PTith borax, salt of phosphorus, and soda, be^ 
haves like the preceding^ mineral. 

fFith solution of cobalt gives a black glass in 
the fused parts. 

11. Hard Fahlunite, from Fahlun.^ 

Alone, in the matrass, gives off water, loses^. its 
coloiu:, and becomes white and semi-transparent. > 

On charcoal fuses inta a colourlesis^ s^-trans- 
parent glass. 

With borax fuses slowly, but in latge quantity, 
into, a diaphanous glass, which does Qot become 
opaque by flaming. 

' One atom of silicate of magnesia + 3 atoms of silicate of 
alumina + 4. water. Hisinger's analysis, Afh. i Fjsik, &c., 
B. vi. p. S47, gives this composition, and rtot that of 1 atom of 
bisilicate of magnesia + 2 atoms of silicate of alumitta, aswe 
find in the place referred to. B. 

R 
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fFith salt of pkospk&rus dissolves Hke the pre- 
eeding minerals. 

ff^kb a certain quantity of soda dissolves into 
a colourless glass* semi-translucid, and very hard 
to luse, A larger quantity of soda causes the glass I 
to intumesoe, and renders it infiifiible. 

With cobalt the colour is uncertain till the mo* 
naent of fusing, when we obtain a blue glass. 

IS, Dickroite (Steinheilit, Cordierite, Water- 
saphire), from Orrijerfvi, and Sala.^ 

Alone^ in a low heat^ no change ; in a strong 
heat ^es skwly on the edges into a glass free firom 
bubbles, retaining the original colour and transpa- 
rence of the st(»ie. 

With boras and salt of phosphorus behaves like 
the preceding. 

With soda J no solution; a small dose of this flux 
occasions a dark grey glassy scoria • with a larger 
quantity, the assay intmnesces^ and becomes ia- 
ftisihle. 

4t With solution of cobalt the assay becomes black] 
and the fused edges blue grey. 

13, Peridot. Olivine, from Auvergne,* 



I 
I 

tck» I 



» Idite, According to Gmelin's imalysis, it centains, 
iflica 42^6, alumtDa S44, lime I't, magnesia 5-8, oxide of 
iron 1«5, oxide of manganese 17- Phillips. By the forraala 
it 18 composed of 1 atom of bi52Ucat& of mEigneela -Jr 4? atoms of 
stlicat^ of alumina. C. 

^ Chr^mliiey It containa, accordiogto Klaproth, silica 33^ 
magnesia 43*5, iron 19. Jameson. By the formula, BerzeliiM 
considers it as conipogedof 1 atom of pEoCoiJiicate of iron 4:4 
atoms of silicate of magnesia* C, 



I 



^'- ^/diie^git«tdff]^iftoi8ta]»; t^^ 

chiefly on the edgeSy but do^s not fiase,! aad |fire- 

Berrta its transpareBce and colour. 

With boraXf and salt of phosphorusi behave 
Mke Ihe pieB^i^ iiii|K»ak; thi3 glaftsa^s are co- 
loured by iioa^ ftnd gite fito mdSc^^ioH of aisnga^eflfi 
fntb sfthpetre>'p 

^iM ^(7 J^i is converted by laibodbus Iksion i&tp 
abi^ewnso^ft; \ 

14. Chloritef^mTMm. 

Alone, in the matra^ gives off water^ aad, ^ 
%ke fusing point of glass, fltiorie i^d^ which tnifis 
brazil wood paper yellow, and leaves a dieposit of 
silica on the glass. 

On charcoal ISbmb into a black globiil^ with a 
dull surface; 

fFith borax fiises easily into a dark green glass< 

With salt of phos^hotm d^eomposes^ aad leaves 
silica. The colour of the glass denotes a eoasidar* 
able quantity of iron. 

With soda nei^er dissolves hmm intumesdes; but 
the edges become rounds* On piatina, gives no 
trace of manganese. 

15. Diallage} 

* I do not know tbs loealities of the tiro specimens which 
were the subjects of this and thefbUoving experiinent; bu^ 
as I received them both from M.Hauy^ I cannot question the 
accuracy of their denominations. B. 

By referring to the ** Nouveau Systdme," in which I find 
the same mineralogical formula as in. the present work^ t^ 
must be the BremUe oi Jameson, and DiaUage taetalloide^oi 
Hauy, which consisted according io.Khiproth (on whose ana-' 

R S 
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AlonCf in the matrass^ give^ off water not at all 
add, crackles, and its colour becomes dearer. 

On charcoal fuses slowly on the edge into a 
greyish scoria. . 

With borax is converted, by laborious fusion, 
into a transparent glass, slightly coloured by iron. 

With salt of phosphorus decomposes, and gives 
a siliceous residuum. 

With a certain quantity of soda fuses into a 
greenish grey opaque globule. With a larger dose 
the assay intumesces and becomes infusible. On 
platina foil it gives no indication of the presence of 
manganese. 

16. Hyper St ene.'^ 

Alone, in the matrass, crackles slightly, and 
gives off water free from addity, but its appearance 
does not sensibly alter. 

On charcoal fuses easily into a greyish green 
opaque glass. 

With borax frises easily into a greenish glass. 

With salt of phosphorus no senable decompo- 
sition ; the assay becomes rounded on the edges, 
and fuses extremely slowly. 

lysis the formula is calculated)^ of silica 60, magnesia 27*5, 
iron 10'5, water, 0*5. Jameson. Berzelius considers its com- 
position to be, 1 atom ef bisilicate of protoxide, of iron -f 3 
atoms of bisilicate of magnesia. C. 

■ By Klaproth's analysis it contains, silica 54*25, magnesia 
14, alumina 2*25> lime 15, oxide of iron 24*5, water 1. 
Jameson. By the formula, calculated on the preceding ana- 
lysis, it ooDsistaof 1 atom of bisilicate of protoxide of iron -t-^ 
atom of bisilicate of magnesia. C. 
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JVith soda behaves like the preceding mineral. 

17. Sordazvalite, from Sordawala iii Finland. It 
appears to be a mixture of 1 atom of phosphate of 
magnesia -f 2 atoms of water, with a stony fossile, 
formed of 1 atom of bisilicate of magnesia -|- 2 atoms 
of bisilicate of protoxide of iron -|- 8 atoms of bisili- 
cate of almnina.^ 

Alone^ in the matrass^ gives 6ff a great deal of 
water, free from acidity. 

On charcoal fuses, without intumescence, into 
a black globule, which becomes grey, and assumed 
a metallic lustre in the reducing flame. 

JVith borax frises easily into a glass tinged 
green by iron. 

With salt of phosphorus decomposes readily, 
and leaves a silica skeleton. 

With a small quantity of soda ftises into a black 
globule; with a larger dose, intumesces, and is 
converted into a distorted (anfractueuse) scoria. 
On platina foil it gives indications of manganese. 

fVith boracic acid and iron I have not been able 
to obtain from it a phosphuret of iron. 

18. Magnesian garnets, — ^Those from Syria, 
Orrijerfv^i, Hollandses, &c., behave like almandine, 
and the magnesia they contain cannot be detected 
by the blowpipe. 

19. Spiml^ from Ceylon and Aker.* 

> According to Nordentkold's analysis, 1 H, p. 86, et leq. 
of the work quoted above. B. 

* VauqueUn's analysis of spinel, or balass ruby, gave, alu- 
mina 82'47t magnesia' 8*78, chromic acid 6*18, loss 2*57. 
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Jlone^ no eha<^^ The red i^pinelfiom Gc^on 
iiid^ turas brovm, and even Uia^eo» m^ beprnnes 
cpaque befm^ tlie blowpipe, but, oa w6^»g^ it 
:ceoQvers its cdioiir in the foUomi^ ]iiaim«r-T<N.«afii 
by transmitted day4igphtj H fy^k diq>bys ^ &ui 
ishtome green, then becomes ahnost c^kmrleas, and, 
lastly, resumes its ruby tint. , 

With i0ra^ ik fuses slowly into a tranifpoent 
glass, with little colour. The spinel fixmi AkeQ 
flometimeftcoata^s Bme m its itrterstice^, in which 
case it fuses with effeorvesccnce into s glass thait 
may be made opaqpie fay flaming. 

fFith salt of phosphorus fiiaes \nth diffictdty in 
fragment, but readily and without residuum when 
piilraised. The glass generally presents the 
characteristic colours gf iron, but that of the 
Ceylon spinel assmnes, aftar cooling* a sensible, 
though £unt tint of chrome green. It does not 
become <^aline. 

With soda does not fiise, but swells up; on 
j|[^tina foil gives slight traces of manganese. 

20. PleonastCf from Ceylon and Somma.^ 

Jameson, Berzelius considers it, from his own analysis, to b^ 
a scxaluminate of magnesia. C. 

' Before the gas blowpipe k fciscid readily with partial con- 
bustion and loss of weight. One solid angle of an octohedrd 
crystal was entirely burnt off and yohitilized. Gas Slowpjpe, 
p. 58. C. 

* One atom of aluminate of protoxide of iron + 1 atom of 
sexaluminate of magnesia; ci^Iculated from th^ astfilysb of 
Collet Descotils (Journal des Mines^ xxx.42i ). Theqhemical 
composition of this n[iineral r.9q[uires frosb ^xa^Mn^^iofi. B^ 
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jUmtt^ mAns no ohnye, esm^ itflat in a ^mry 
strong heat, it assumes the blue colow is£ik» ^M8f 
Bctmat cf l3ie :|^uatcd ifonaees X^mmeaux ^gra* 
daisy It does not tfuse, «i«en in )powde^ but pre^ 
aents a vitieous anpeoranee €A the edges* 

/f^ith iorosr fuses inte a tsaaqpsMtft glats/ef a 
dark green coiour^predisdy like llwt^gnrw bylffon. 

Salt of phosphorus scarcely has any action on it 
in fragment; but, when pulveiised, it Aises^eaiily 
Tnih tlm fluK into a tcam^aDdot glass oolowed by 
iron, and leaves no residuunL 

fFith soda intumesces, and gives a Uack sooria» 
which does not become fusible by a larger quantitf 
of the flux. 

SI. Hydrate of magnesia^ from New Jierseyi^ 

AUmCi in the matrass^ gives o£P water; boilli 
before and after ignition, it xestores Uie blue ooloilr 
of reddened litmus paper. 

On charcoal thickens (s*epais8it) in the longitu- 
dinal direction of the laminae, crackles a little and 
becomes milk white, but does not Ane.' 

With thejfiuxesj and solution of ooiakf bdiaves 
Hke pure magnesia. 

6. Calcium. 

1. Sulphate qf lime, Gypsum. 

{a.) Anhydrous gypsum. Anhydrite.^ 

> Magnesia and water. C. 

» See Mote, p. 61. C. 

I lAMaad Milphiiric aoid, without any water. C. 
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Alm^i»4ksmatrtm,ffiYes off iH»mouitiife^\0r 
only traces of it 

• ill the forceps fuses with difficulty, in the d!xi- . 
dating flame, into a white enamel. 

On charcmh in a g<>od xeducii^ flame, ^onn-. 
poses, and then acts as an alcali on farazU miod 
pajMsry §ad exhales the smell of liver of sulphur 
when moistened. > 

With borax iuses with effisrvescence into a 
traraparent glass, which, when cold, is yellow, or 
brown-yellow. If the proportion of gypsum be 
increased,^ the globule becomes brown and opaque 
on cooling. 

With the other ftiixes it behaves like pure lime. 

Withjluate of lime fiises readily into a trans^ 
parent globule, which assumes the .whiteness of 
enamel on cooling ; by a prolonged blast it intu- 
mesces and becomes infusible. 

Glass of soda developes the colour of liver of 
sulphur. 

(b). Common gypsum} 

Alone, in the matrass, gives off water, and be- 
comes milky white. It afterwards behaves like the 
preceding. 

2. Fluate of lime? 

{a). Fluor spar. 

Alone, in the matrass, and at a heat much below 
incipient redness, it often exhibits a greenish Eight, 

I One atom of sulphate of lime, with 4* atoms of water. C. 
^ Lim^ and fluoric acid, or rather fluoriue and calcium. C. 
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■ visible in the ckrk. In a more intense heat it de- 
crepitates strongly, and gives off very little water, 

On charcoal it may be fused by a good heat 
into an opaque globule, 

With borax^ and salt of phosphorus, fuses with 
the greatest facility into a transparent glass, which, 
at a certain point of saturation, becomes cpaque- 

IFith a Utile soda fuses into a cUaplianous glass, 
wliichj after a long blast, loses its transparence on 
congealing ; if we increase the quantity of soda, it 
is transformed into a difficultly fusible enamel, 
which remains on the charcoal, whilst the excess 
of soda is absorbed, 

IVith gypsum fuses readily into a transparent 
glass, which becomes opaque on cooling. (See 
Gypsum,) r 

(b). Vttrocerite, from Finbo.^ 

Alonc^ in the matrass, gives off a little empy- 
reumatic water ; the dark coloured variety becomes 
white. 

On charcoal does not fuse by itself; but, by the 
addition of gypsum, it melts into a globule opaque 
at all temperatures. 

With borax J salt of phosphorus^ and soda^ be- 
haves like fluor spar, except that the glasses become 
yellow in the oxidating flame, and retain that colour 



• Berzelms' analysis gave, fliiate of lime fiS-lB, fiuate t 
yttria 10 6, filiate of cerium 20 22, Phillips. The formal 
represents it as coniisting of an atom of filiate of lime, an atona 
of fi u ate o f y tt ri a, an ato m of sesquI-Euu tc o f cu rl u i n * C* 
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vMkt liot Tfaej hae tiior tmitpaiency mmer 
than d&oae >of fluor spar. 

(<:). YttraceritCf from Broddbo. 

Decrepitates slightly without fiisui^ and fame$ 
from miik -white to fanck ved {this cbmge of ocd^ur 
is not uniform); does not hm with gypsraat, and^ 
in other respects, hdiaves like fluaite of eeiiiim» 
whidi it eontains in very consideraUie quantity. 

3. Carbonaie of lime. 

(a). Caicareous spar. 

Alone, in the matrass^ gives off no wmsbmd. 

On ckarcaal becooaes canstic by heat^jMid ahinea 
with peculiar brightness as soon as all tibe eail^ie 
add is eiqpelled; heats writh, water, and acts as an 
aleaM on reddened litmus paper. Pecmginons or 
manganesian calcareous spar blackens by heat. 

fFith thefluxesj in idiich it dissolves with effibr- 
vesoence, it behaves as stated nnder the head 
^ Lime," p. 79* Those varieties which oon^tain 
iron or manganese give a coloured glass. 

{b). Arragonite. 

AloMCi in the matr4u$f no dxange at first, at a 
temperature much beyond that of boiling wata^ 
bat, when nearly red hot, it intumesoes, and falls 
into a ooarse, light, white powdery at iiie same 
time, a very smaU quantity of water collects in tihe 
neck of the matrass, less even than that afforded by 
other minerals which contain only water of decrepi- 
tation. With the fluxes it behaves like the preced- 
ing mineral. 
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4. Bitter spar ^magnesian i^ar).^ 

Not digtinguishable by the blowpipe from cd^ 
careous spar. 

5. Phosphate of Ume^ 

(a). Morojnte, from Arendal and Paigas. 

AlanCi unalterable in a solid shaped fragment, 
but in spangle it frises on the «dge, With a yery 
strong heat, into a colourless, translucid glass ; it 
is one of the most difficult minerals to fiise.^ 
. With borax fuses slowly into a transparent glass, 
which turns milk white by Jlamingj and, with a 
large proportion of moroxite, becomes opaque on 
cooling. 

With salt of phosphorus frises in large quantity 
into a transparent glass, which, when nearly satu* 
rated, becomes opaque by cooling, and exhibits 
frtcets less distinct than those whidi result from 
the crystallization of phosphate of lead. When 
perfectly saturated, it congeals, without regularly 
crystallizing, into a milk white globule. 

With soda swells up and effervesces; the soda 
penetrates the charcoal, and leaves a white mass 
on the surface. 

^ One atom of carbonate of lime+1 atom of carbonate of 
magnesia. C. 

* Apatke. The asparagus stone fVom Spain, analysed by 
Klaproih, gave, lime 54*28, phosplioric acid 55*72. Phillips. 
Hence> It consbts of 1 atom of lime 28 + 1 atom of phosphoric 
acid 28 as 56. Moroxite Is another variety of apatite. C. 

s Before the gas blowpipe crystallized apatite fused into a 
black shining slag. Compact apatite gave ** a tohite enamel^ 
resembling, as to external appearance, spcrmacettiJ* Gas 
Blowpipe, p. 52. 1 
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fVith boracic acid fiises with extreme diffictdty, 
but gives, with metallic iron, a regulus of phos- 
phuret of iron. 

(b). Radiated phosphate of lime, phosphorite, 
from Estremadura. 

In the matrass, gives oflF a little water, fuses 
rather more readily than the preceding, into a 
white enamel. In other respects it behaves like 
moroxite. 

, (c). Phosphate of lime, mammoth's teeth, dug 
up at Kannstadt* 

In the matrass contracts considerably, and giveiji 
off a large quantity of water. 

On charcoal blackens at the extreme part acted 
on by the flame ; does not frise, but becomes rounded 
and semi-transparent at the same part. In other 
respects, exhibits the same effects as the preceding 
minerals. 

6. Datholite, and 

7. Botryolite^^ both from Arendal. They be- 
have alike, and as follows: — 

Alone, in the matrass, they give off a little water. 
On charcoal they inturaesce a little, like borax, 

^ Klaproth's analysis of datholite gave, silica 36*5 j lime 35*5, 
boracic acid 24, water 4* ; his analysis of Botryolite gave, silica 
36» lime 39*5, boracic acid 13*5, water 6*5, oxide of iron 1. 
Jameson. From these analyses, Berzelius calculates his for« 
mule, which give for the former, 1 atom of bi*borateof lime + 1 
atom of tri-silicate of lime (according to the tables in the essay 
on chemical proportions) + 1 atom of water ; for the second, 
I atom of borate of lime + 1 atom of trisilicate of lime + 1 atom 
of water. The weight of an atom of lime is 28, that of boracic 
acid 23, and of silica 16. C. 
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and fuse into a transparent glass, which is either 
colourless, pale rose, or iron green, according to the 
purity or colour of the assay* 

fFith borax fuse readily into a transparent glass, 
whose colour varies like the preceding. 

With salt of phosphorus dissolve, except a silica 
4skeleton. If we add a firesh portion of the assay, 
the glass loses its transparence, and, lastly, becomes 
enamel white. 

With a little soda fuse into a transparent glass. 
With a larger dose the glass becomes opaque on 
cooling, and, with a still laiger, the whole mass 
penetrates the charcoal. 

ff ith gypsum they fuse, but with more difficulty 
than fluor spar, into a diaphanous globule, whic^ 
retains its transparence on cooling. 

With solution of cobalt, an opaque bhie glass. 

Remark. — If we pulverise either of these mine- 
rals, moisten the powder with a drop of muriatic 
acid, and suffer it to dry on a slip of thin paper ; 
on wetting the paper with alcohol, and setting it 
on fire, the flame towards the end of the combustion 
will be tinged green. This phenomenon does not 
occur with boracite, unless it be previously ignited 
with soda. 

8. Arseniate of lime, pharmacolite.* 

Alone, in the matrass, gives off much water; 
free from acidity ; no arsenious add sublimes ; the 

' Kiaproth*8 analysis gare, lime 25> arsenic acid 50*54,* 
water S^/^O. Jameson. By the formula, it contains 1 atom 
of acid -h 1 of base -f 6 of water. €• 
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fioreicedfldtylmtmCaimitalQiaL. ' 

Jn the forceps faamm the eiteair iiUDe iBli»« 
uliite cmmL 

On charcoal, in the intaiiinr Jame^ >£■»» mm 
xndily^ ginog off tbe iihdl a£ i^^ 
tmidudd gkbide^ sametimfl i . iiwBning .to lih» 
thati>»if theM«y,aigaiqgJiy hi jppe p< 
with arseniate of cobalt. 

. XTifft ioriiT, anf^ salt of phospharuo, hAaye^ 
lake limer or the aalte of luDBe with Tohtile acidB 
in general^ but gives oBr in diBwlfii^^ abandant 
fiimes of arsenic. 

H^ith ^od^ decomposes with great disengaigenieat 
ofaraeme. The lune remaint on the efaandd;; 

9. Tungstate qflme.^ 

AUme, in the wMtrass, no change; 

On charcoal, in a strong heat» the Ain parts 
fuse into a semi-transparent glass: 

fFith borax fnses easily into a transpamit glas^ 
which soon becomes opaque, milk white^ crystatKnc^ 
and incapable of being coloured by tke redouai^ 
flame, even with tin. 

With salt of phosphorus Aises readily in die 
exterior flame into a colourless transparent ghas; 
in the interior flame, the glass assumes a green co- 
lour, which it retains whilst hot, but which tumstoa 

I A specimen lately analysed by Berzelius consisted of 
tungstic acid 80*417, Une 19-46a PhUlipt. It coaUins by 
the formula, 1 atom of base -f 1 of acjd« The weighi of aa 
atom of tungstic acid is 120. C. 
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fine bhte on cooling. If we add tin, the gliiss tikes 
a darker tint and becomes^ green. After a long 
blasts with a sufficient quantity of tin, tungsten 
precipitates, and the colour changes at laet to a 
TOTy pale greenish yeHow. 

fFith sodu forms a white intmnesoent sooria 
xounded on the edges. 

10. I7r^mtf/eo/*/ime,inranite; theyeOowvanety 
feom Autun, the green from Cornwall.^ 

Alone, in the matrass, gives off water, and he- 
comes straw yellow and opaque. 

On charcoal intumesces slightly, and fuses into 
a black globule, with a semi-crystalline sor- 
&oe. 

With borax and salt cf phosphorus frises readily 
into a tram^areiirt ^ass, of a dark green colour in 
the oxidating fiame, and fine green in the reduc- 
ing. With tin, the glass formed with the green 
variety becomes red and opaque, from the oxidar 
tion of the copper which it contains. 

TVitb soda doeis not fuse, but gives a yellow 
scoria. The Antun uranite gives no metalHc par«- 
tides in the reducing experiment, but the green 
mranite from: Cornwall exhales the smell of arsenic, 
and gives white ratUHRic grains,^ which are nothing 
else but an alloy of arsenic aiid copper, derived 
.from the arseniate of coffer by which the numeral 
is cc^ured. 

' One alom of base + I of acid + 6^ of water. G. 
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11. Sphene^ titane i^c6o-calcaire : fonnula of 
its composition not ascertained. 

Alone^ in the matrass, gives off a small quantity 
of apparently merely hygrometric water. The yel- 
low sphene suffers no change. The brown variety 
becomes yeUow, but retains nearly its original trans- 
parence. • A variety from Frugxnrd in Finland, 
psresents during this change of colour a phenome- 
non of ignition, similar to that described under 
the head of vitreous gadoUnite, but much lesg in- 
tense. 

On charcoal, or in the forceps, fuses on the 
edges, with slight intumescence, into a dark co- 
loured glass. The unfused portion retains its dear 
yellow colour and semi-tranq>arenoe. 

fVith boras fuses pretty readily into a clear 
yellow transparent glass, which becomes brown by 
an additional quantity of sphene, but cannot be 
made to develope the characteristic colour of tita- 
nium by the reducing flame. 

fVith salt of phosphorus dissolves with difficulty; 
the unfused portion becomes milk white. In a good 
reducing flame the characteristic colour of tita- 
nium is developed, and, by the addition of tii^ 
with the utmost facility., After a long blast the 
glass becomes opaline on cooling. 

fVith soda fuses into an opaque gkss, which no 
proportion of soda can make transparent. When 
cold it is similar to that formed with pure oxide 
of titanium. With a large quantity of soda the 
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glass is absorbed by the charcoal, and uraflffly gives 
a little iron in the reducing operation. 

. 12. Tabular spar 9 from Nagyag, Perhoniemi, 
Paigas, Gokum, and Capo di Bovi.^ 

Alone, in the matrass, no changei 

On charcoal melts on the edge into d; semi-* 
transparent colourless glass globule; Requkes a 
very strong heat for its perfect fiudoUi and bubbles 
up a little at intervals. 

fVith borax fuses easily, and in large quantity^ 
into a transparent glass, which cannot be madcf 
opaque by continuing the blast. 

fVith salt of phosphorus decomposes, and leaves 
a silica skeleton, fiill of flaws (glaceux). ; The 
glass becomes opaline on cooling. 

fVith a little soda fuses into an enamel white, 
blebby glass. A large quantity makes the assay 
infusible and intumescent. 

With solution of cobalt it is much more diffi- 
cult to fuse than by itself, or without addition ; 
the fused edge is blue. 



I This mineral, formerly only found in Transylvania, has 
lately been met with in the places above named, and appears 
pretty firequontly to accompany primitive limestone. It haa 
been analysed by Laugier, Bonsdorff, and Rose> and the ex- 
periments with the blowpipe confirm its identity with the 
specimens from those places. It seems to have been gene- 
rally considered as a white variety of amphibolje or tremolitc. 
B. — ^Klaproth*s analysis of tabular spar gave silica 50, lime 
45, water 5. Jameson* By the mineralagicol formula it ia 
a bisilicatc of lime. C. 
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ISt. JmpAibok, homUende, tretnolite, asbestoi^ 
actinote, &c. 

hi a system of mineralogy founded on crystal- 
lization, under the same name^ indicating a certain 
crystallographical fbrm^ are comprehended a certain 
number of minerals, whidi, though they differ in 
colour, and in many other respects, have nev^heless 
one common figure: but it is impossiUe to deduce 
an equivalent generic character from the phen<v 
mena which these minerals present before the 
blowpipe ; of which amphibole, pyroxene^ and gar<^ 
net, may be taken as instances. 

Mitscherlich has proved that certain bases, satu- 
rated with the same acid to the same degree, affect 
the same crystalline form, and he has particularly 
shown that lime, magnesia, and the protoxides of iron 
and manganese compose in this way a classof 2^;»or^ 
pkousha^es. He has demonstrated further, by expai- 
ments made in the moist way, that isomorphous salts 
have the property of crystallizing in common {en^ 
eommun)^ concurring in an uniform manner in the 
structiure of one and the same crystal, without being 
mutually connected by any chemical affinity, and 
consequently without being confined to definite pro- 
portions. Now it seems that the same operation 
has occurred in nature, when minerals, in crystal* 
lizing, have separated from one another. If thi» 
inf(^ence be correct, we can comprehend the hither- 
to enigmatical fact, of the absolute identity of 
geometiical form in minerals, whose analyses pre-^ 
sent >Tery remarkable differences.. H$nce,.in (mkr 
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to judge with certainty a^ to the results of his ana- 
lyses, the chemist need only ascertain which are iso- 
morphous comhinations. i'rom what we have seen, 
the silicates of lime and magnesia, and those of th^ 
protoxides of iroii and manganese, may meet in the 
same crystal in the same degree of saturation, and 
their relative quantities may vary, although the forpi 
of the crystal remain the same. Whence it follows 
that crystals of amphihoje may not only exhibit very 
different colours, hiit also very different phenomena 
when acted on by the blowpipe. Although these 
theoretical ideas suppose an indefinite number of 
pos3iblemixtures,,amongst these the most common pf 
the silicates, (which experiment sufficiently confirms)^, 
yet, when we are better acquainted with them, a 
few general phenomena wUl suffice to ascertain 
the nature of the constituent parts of a mineral 
crystallized after the manner of amphibole. 

At present I can only give the characteristic 
phenomena of the most significant species of those 
which affect this crystalline form. According tp 
M. Bonsdorff's careftil and accurate analysis of 
some of the purest species, they appear to be com- 
posed of one volume* of trisilicate of lime, with 
three volimies of bisillcate of magnesia. All these 
were nearly or quite colourless. But we have an- 
other kind of hornblendes, which, though they affect 
the most regular form of the amphibole crystals^ 
differ considerably from them in chemical compo- 

» Atom. c. 
5 2 
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sition. They not only contain a new base entirely 
heteromorphous with respect to the before-men- 
tioned species, namely alumina, but in many of 
them, the silica is not in sufficient quantity to form 
silicates! ; in other words, the oxygen of the silica 
is often in less quantity than that of the bases, and 
the more alumina there is in the mineral, the leas 
silica it contains. To be satisfied of the accuracy 
of this, it is enough to calculate the analyses of 
some black species of hornblende, published by Hi- 
singer, in the Journal entitled Afhandl. i FysiK 
Kemi, &c, vi. 199 ; as well as the analyses record- 
ed by Klaproth in his work, under the article 
Hornblende. The question, therefore, is, whether 
the constitution of these black hornblendes be ab- 
solutely new. Now, if we may hazard a conjec- 
ture on the subject, it is most probable, that these 
species contain, besides bisilicates and trisilieates of 
magnesia, lime and protoxide of iron, an alumi- 
nate resulting from the combination of the alumina 
with the excess of the bases just mentioned,, which 
aluminate may be conceived to be isomorphous 
with one of the silicates that accompany it. I have 
thought it right to interrupt the detail of the phe- 
nomena which minerals present in pyrognostic 
assays, by this little digression, in order that the 
reader may more easily judge of the results of 
these experiments. In general, minerals of the 
hornblende species fuse more readily than the 
pyroxenes, of which we shall speak immediately 
afterwards, and which come near them in compo- 

1 
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sltion. This seems to be owing, on one hand, to their 
containing more than one atom of magnesia to an 
atom of lime, and on the other, to their being 
rich in bisilicate of iron, — an easily fusible sub- 
stance. However, we meet with species of am- 
phibole which fuse with difficulty, and very ferru- 
ginous pyroxenes whose fusion is easily effected. 
I shall divide the amphiboles into two classes ; the 
first, tf, will include those which contain no alu- 
mina; the second, b, the generally black alumi- 
nous amphiboles. 

(a.) Amphiboles not containing alumina. 

(a.) Colourless amphibole, from Gullsjd in 
Wermlande.^ 

Alone, in the matrass, no change, only a little 
hygroscopic water is given off. 

In the forceps fuses readily, with slight bub- 
bling, into a semi-transparent glass ; the part next 
the fused mass becomes milk white. Every time 
that we repeat the fusion of the glass it begins by 
bubbling, which then subsides again. 

IVith borax fuses slowly into a colourless trans- 
parent glass. 

With salt of phosphorus not decomposed ; the 

I In this, ^nd most of the foHowing minerals, M. Boosdorff 
found some fluoric acid, which he considers as forming a 
neutral combination in those fossils^ with a corresponding 
quantity of h'me not expressed in the formulae. B. 

The fbrinuke are calculated from BonsdorfTs analyses; 
that of the mineral under consideration gives its composition 
as 1 atom of trisilicate of lime -f 3 atoms of bisilicate of 
magnewa. • C. 
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assay remains milk white thrpu|^out, and is round- 
ed on the edges ; after a long hlast ithe gljass Vjeepques^ 
opaline on cooling/ 

PFith a very small quantity qf soda ^iises into 
a transparent glass. A larger quantity ioi th^ flux 
causes it to intumesce, and co9yert(^ it into a white 
infusible cicona. 

Solution of cobalt developes a rose cojiour in thq 
fused parts. 

(|9.) GrammatitCy from Fahlun.^ 

^^/2e,not changed by gentle ignition; in a strong 
heat it intumesces a little, cracks longitudinally, 
and turns milk white ; lastly, in a very ^trpnglieat 
fuses with effervescence into a distorted, almost 
opaque grey white mass. 

fP^ith borax and salt of phosphorus behaves 
like the preceding mineral 

With soda^ in suitable quantity, fuses into a 
trani^arent glass ; with too large or too smaU a 
dose the glass becomes opaque when cold. 

With solution of cobalt gives a dark red in the 
fused part, and a fine bright red all around it. 

(y.) Asbestiform Tremolite^ from Sheffield, in 
Massaschusets. 

> This property, with a few exceptions, is commoo to aU 
the amphiboles. There is, however,*a pretty good method 
of decomposing them by salt of phosphorus ; it consists ia 
fusing them with a very small quantity of the flux, with 
which we merely cover their surface. When the as^ay be- 
gins to puff up, the phosphoric acid penetrates it ; it then 
Intumesces, decomposes, and becomes full of flaws (glaceuse)« 

« Same composition as colounless amphibole. C. 
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Alone, babbles aad fuses with great cUffioulty into 
A vitreous mass, generally presentiaig a delieate tudi- 
ated crystalUzatiou on the surface. 

With bora^ and ^aU cfpho^horus b^ves like 
the preceding minerals. 

JVithsoda f^ses very readily into a tratispttent 
^ glass, which requires a large quantity of 4oda to 
render it opaque. 

IVitk solution of cobalt the ^ed edges are oo* 
loured red. 

{i.) Asbestusy from the Tareutaise.* 

Alone, fuses very readily into a i^htly greyish 
l^lobule, similar to enamel ; its surface is not vi- 
treous. 

IVith the fluxes behaves like «. 

(f.) Asbestiform actinote, from Taberg near 
Philipstad,^ and from Fahlun. 

Not sensibly altered by moderate ignition. In 
a brighter heat it whitens, and then fuses with slight 
bubbling into a yellowish brown (q[>aque glass. 

JVith borax fuses readily into a glass slightly 
coloured by iron. 

Salt of phosphorus has not a yery powerful 
.action on it. The crystalline radii do not change 

> In Sayoy. Cbenevi^'a analysis gavoi silica 59, i^utnina 
3, lime 9, magnesia 20. PhiUips^ By the formula it con- 
sists of 1 atom of trisilicate of lime + 3 compound a^ms 9^ 
bisilicate of magnesia and protoxide of iron. C. 

* One atom of trisilicate of lime + 3 compound atoms of 
bisilicate of magnesia and protoxide of iron* C« . 
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tfa^J:. appearance, and the glass becomes slightly 
opaline on cooling. 

fVith a certain proportion of soda it gives an 
claque greenish gl^ss, and with a larger quantity 
an infusible intumescent mass. 

With solution of cobalt fuses and reddens on 
the edges. . 

Remark. — The intensely green actinotes give a 
glass more decidedly tinged by iron ; in other res- 
pects they behave like i. 

(C-) Byssolite, from Oisans.^ 

^lone, fuses into a brilliant black globule. 

Witk boras, fuses readily into a glass coloured 
by iron. 

JVith salt of phosphorus dissolves with dilfi* 
culty. The crystalline radii which furst present 
themselves undergo complete solution; the rest 
remain untouched. 

tVith soda gives a black glass ; a larger quan- 
tity converts the assay into a black scoria. On 
plaiina traces of manganese are perceptible. 

(6.) Aluminous amphibotes. 

(n.) GrammatitCj from a limestone quarry at 
Aker.^ Whitens, without splitting, in a strong heat, 

I The author seenui doubtful as to its composition. The 
formula (to which a ? is annexed), represents it as a bisiiicate 
of liftie, magnesia, protoxide of manganese and peroxide of 
iron, an atom of each. C. 

^ Thu grammatite contains from 4 to 14 per cent, of alu- 
mina. B. The formula, calculated from Bonsdorff*s analy^ 
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and fuses more easily than the grammatite fronii 
Fahlun (nearly like that Gullsjd) into a transpa^ 
rent almost colourless glass. 

fTith boraa? fuses readily into a transparent 



JVith salt of phosphorus intumesces, and does 
not wholly decompose, but is converted into a 
translucid mass, the central part of which retains 
its hardness. 

fFith soda fuses into an opaque glass, not rea- 
dily liquifiable ; with a larger quantity it at first 
intumesces, but afterwards in a strong heat fiises 
into a globule. 

fFith solution of cobalt fuses more difficultly, 
and only on the edges, into a fine dark blue glass. 

(8.) Black primitive hornblende^ from Slatt- 
myra.^ 

AlonCy scarcely intumesces, and fuses without 
the least bubbling into a black brilliant globule. 

With borax fuses into a glass strongly tinged 
by iron. 

With salt of phosphorus not decomposed. The 
assay does not change colour, but becomes rounded 
on the edges. The vitrified flux exhibits a slight 
tint of iron. In this respect this mineral resem- 
bles-the non-aluminous amphiboles. 

With soda fuses readily into a black brilliant 

818^ considere it as 1 atom of trisilicate of lime + 3 atoms of 
bisilicate of magnesia. C. 

■ It contains T\ per cent, of alumina. (Hisinger, Afh. vi« 
201.) B. 
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glasB^ which a larger portion of soda renders still 
more fusible, but its surfSeu^ then loseg its bril- 
liancy and becomes crystalline, and the assay as- 
sumes a deep brown colour. 

(i.) Black Hornblende in large lamime, fiom 
Tabeig, in the metalliferous district of Nonu 

Behaves like the preceding. 

(x.) Dark green lamellar hornblende^ firoia 
Annaberg, in Saxony. 

Alone^ fuses with effervescence and intumescence, 
into a black brilliant glass. 

With borajp fiises readily into a glass but little 
coloured. 

Salt of phosphorus decomposes it after the blast 
has been continued some time, and leaves a silica 
skeleton. The globule is colourless, and becomes 
iOpaline on cooling. 

IVith soday same phenomena as with n. 

(a.) Black crystallized hornblende y from Pargas.^ 

Fuses readily va\h violent bubbling into a brown 
grey opaque glass. 

With borax fuses easily into a cle^ greenish 
glass. 

Salt of phosphorus decomposes it readily, and con- 
verts it into a flawy mass. The fused glass is tinged 
by iron whilst hot, and becomes opaUne on cooling. 

With soda fuses with difficulty into a grey 
brown glass, which it is not easy to obtain in a 
globule. 

' It contains 12 per cent of alumina, accordiog to the 
analyses of Hisinger and BonsdoHF. B. 



! 
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{fjL.) Pargasite, or crygtollized clear greexit diapha- 
nous hornblende, from Fargas. 

Behaves like the preceding, except that its 
glasses are less coloiured. It differs in compositipn 
only in containing a smaller proportion of iron. 

14. Pyroxene. 

It is with this mineral as with amphibole, whose 
figure is common to a pretty large number of differ- 
ent compounds formed by the silicates of the four 
bases of which we have spoken already ; but, what 
is very interesting, pyroxene is always formed by, 
the bisilicates 0/ those same bases, according to the 
truly curious researches of M. H. Rose, on the 
composition of the pyroxenes. From the analyses 
hitherto made, it appears that the pyroxenes contain 
as many, or more atoms of silicate of lime, as of si<- 
licate of magnesia. Colourless malacolite, and the 
colourless transparent pyroxenes, which Laugier, 
Hisinger, Bonsdorff, Wachtmeister and Norden- 
skiold have analysed, operating on specimens from 
different places, all gave 1 atom of bisilicate of 
lime + 1 ^tom of bisilicate of magnesia ; but the 
clear green opaque species often gave an excess of 
silicate of lime, and the black usually contain, like 
certain species of amphibole, more or less alumina. . 
which has no influence on either the form or cleav* 
age of the mineral. In some pyroxenes the bisi-i 
lioat^ of magnesia is replaced by bisilicate of pro* 
toxide of ircm, as in hedenbergite, which, according 
to Rose's experiment, is 1 atom of bisilicate of lime 
-f 1 ;atom of bisilicate of protoxide of iron, and con- 
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tains no magnesia. The pyroxenes thus divide inta 
four principal classes/ according to the proportions- 
and nature of their constituent parts. The composi- 
tion of the first class, is 1 atom of bisilicate of Hme 
+ 1 atom of bisilicate of magnesia, and compre- 
h^ids the colourless, transparent pyroxenes ; the 
second includes those which contain more atoms 
of lime than of magnesia ; the third, those in which 
bisilicate of iron is an essential element, and last- 
ly, the fourth is composed of the aluminous pyrox- 
enes, which are generally black. 

(a.) White or transparent Pyroxene* 

Diopsidej or Alalite^ from K6mont. 

White malacolitej from the limestone quarry 
of Tammare, in Finland. 

White malacolite, from Tjotten in Norway. 

Pale green saUte, from Sala.^ 
Atone, frises with bubbling into a colourless^ 
semi-transparent glass. 

With borax frises readily into a diaphanous 



H'ith salt of phosphorus decomposefi slowly, and 
leaves a silica skeleton. The glass is transpa- 
rent, and becomes opaline on cooling. Diopside re- 
tains its transparence and aspect a long time, but 
at last it intumesces and is converted into a silicit 
skeleton. 

With a small quantity of soda intumesces, and 
fuses readily into a transparent glass, which a 

' All these are bisilicates of lime and magnesia, an atom of 
each. C. 
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larger dose of soda renders opaque and less fusible ; 
every time we add a fresh portion of the flux, the 
glass intumesees before it fuses. 

With solution of cobalt the malacolite from 
Finland fuses, and reddens on the edges. Diop- 
side presents on the fused edges a red colour; 
when fused into a globule it is violet. The mala- 
colite from Tjotten gives a blue ^ colour inclining 
to red. 

Remark. — ^Amongst the minerals comprehended 
under the name of Salite, is found at Sala a mala- 
colite, which, in point of aspect, differs nothing 
from common salite, except in the inferior bril- 
liancy of its surface ; its form and colour are the 
same. It contains, however, only 5 per cent, of 
lime; the rest is, according to Rose's analysis, a sili- 
cate magnesia. It presents the following pheno- 
mena before the blowpipe. 

Alone^ in the matrass, it gives off water. 

On charcoal it becomes grey white, but does not 
fuse, either in fragment or in powder, it merely ag- 
glutinates on the edges, which become brown and 
vitreous. 

, JVith borax and soda it behaves like the pre- 
ceding minerals. 

JVith salt of phosphorus it decomposes, with 
nearly as much difficulty as the preceding mine- 
rals, but the ^assay neither retains its transparence 
nor colour ; it first becomes enamel white, then in- 

' Can this colour be derived from the \ per cent, of alu- 
fuina which this mineral contains ? B. 
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tumesoed, slightly, dn^l lastly, is eonverted into a 
silica skeleton. 

fTith solution of cobalt it gives an impure red 
colour both on the fused and unfused parts. The 
oxide of cobalt increases its fusibility, whereas it 
produces a contrary effect with the malacolites 
which contain more lime. 

{b.) Pyroxenes containing a greater number of 
atoms of lime than of magnesia. 

Malacolite, from BjSmmyresveden.^ 

louses easily into a dark coloured glass. 

fFith boras, salt of phosphorus, and soda, be- 
haves like the preceding minerals, except that its 
glass is coloured by iron. 

(c.) Pyroxenes which contain a bisilicate of 
protoxide of iron as an essential element. 

(a.) Stedenbergite, from Mormorsgrufva, near 
Tunaberg.^ 

Alone, gives off no water, or only a little hyro- 
metrical moisture, which when the assay is heated 
to the fusing point of glass, gives, by the test of 
litmus paper, some traces of acidity. 

' Three alomft of bi«UiCAte of lime + 2 atoms of bisilicate 
of magoesia + 1 atom of bisilicate of protOKide of irdo* C* 

^ One atom oi bisilicate of Ume + 1 atom of biailical^ of 
protoxide of iron . C . 

This mineral was considered on the authority of I)eden« 
berg, who first analysed it, as a bisilicate of protoxide of 
iron combined with water, but according to Rose's analysis 
it is a double bisilicate of lime and protoxide of iron, and 
presents ail the external characters of dark green malaco- 
Hte. B. 
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In the forceps it fiises with exceeding slight 
effervescence into a bkck shining glass. 

With borax fuses easily into a glass strongly 
coloured by iron. 

With salt of phosphorus , decomposes slowly^ 
and gives a silica skeleton, in which the unde*^ 
composed nucleus is distinguished by its black 
colour. The ferruginous colour of the glass diEk 
appears on cooling. 

With soda fuses readily into a black glass, whose 
surface becomes dull by a fresh quantity of soda. 
This mineral absorbs a much larger portion of the 
flux than any of the preceding before it is convert* 
ed into a scoria. 

(.3.) Dark green pyroxene, from Taberg, near 
Philipstad, and from Arendal ; dark red malacO" 
litCy from Degero in Finland ; all behave like the^ 
preceding mineral. 

{d.) Aluminous pyroxenes^ the greater part of 
which are Mjack. 

(«.) Pyroxeni^ from Pargas.' 

(f3.) Pyroxene^ from Auvergne, from Lava. 

They behave like pyroxenes in general, but are 
much more difficult to decompose by salt of pko9^ 
phorus, and even almost indecomposable by that 
ftux. The assay changes from it6 original bfodk^ 
and becomes translueid, and almost colourless* 

■ One compound atom, formed of an atom of silicate of 
protoxide of iron + 2 of silicate of alumina^ combined with 
three compound atoms, each formed of 1 atom of bisiKcate 
•f Lime -)- 1 of bisilicate of magnesia. (Nordenskiold)^, €» 
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With soda they form a more difficultly fusflble 
glass, so that they become infusible with a quantity 
of soda, with which the essentially ferriferous py- 
roxenes, of a dark green colour, still vitrify very 
readily. 

15. Epidote. 

This name also denotes a certain crystalline form, 
which comprehends minerals of different composi- 
tion; namely, 

(«.) Zoizite, from Bareuth, and Kamthen.^ 
. j4lone,int\ime8ce8 and expands transversely to the 
direction of the laminse; at the first impression of the 
flame, numerous small bubbles form, which subside 
with a stronger heat. Fuses on the pnter edges 
uito a slightly yellowish transparent glass, but the 
intumesced mass becomes afterwards extremely dif- 
ficult to fus^^and forms a vitreous scoria. 

fFith borax intumesces^ and fuses into a diapha- 
nous glass. 

With salt of phosphorus intumesces, decom- 
poses readily with effervescence, and gives a sili-» 
ceous skeleton. 

With a Kitry small portion of soda fuses into a 
slightly greenish glass. The usual quantity of 
the flux gives an intiimescent, white, infusible 
xnass. On pldtina foil, traces of manganese are 
perceptible. 

With solution of cobalt, a blue glass. 



* One atom of silicate of lime + 2 atcnns of silicate #f 
alumina. C. 
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<|9). Pistacite, from Oisans, Heltestad» Areiidal, 
Taberg, and Orrajerfvi.* 

Alone, fuses at first in the extreme parts^ theii 
intumesceSy and is converted into a ramified ma88> 
presenting in miniature a cauliflower appearance 
of a deep brown colour ; in a strong flame it black« 
i^ns and becomes rounded, but does not completely 
fuse. The variety from Arendal, which, according 
to the analyses, is the most ferruginous of all, is also 
remarkably more fusible than the others. 

fFUh borax first intumesces and then fuses into 
a glass coloured by iron. 

With salt of phosphorus decomposes readily 
with intumescence, and leaves a silica skeleton. 

With a little soda fuses laboriously into a dark 
glass, which a larger dose of soda converts into aa 
infusible scoria. 

iy). Manganesian epidote^ from Saint-Marcet, 
in Piifimont. 

Alofie fuses very easily, with bubbling, into a 
black glass. 

With borax ftises with effervescence into a trans^ ' 

I One atom of Mlicate of Hme+l atom of silicate of pec* 
oxide of iron + 4 atoms of silicate of alumina. C. ' 

Perhaps this formula is correct oiily for the variety of pisUh 
cite from Oisans in France ; in general, pistacite is an epidote 
in which the silicate of protoxide of iron takes the place of a 
greater or less quantity of silicate of lime. The fine epidote 
from Oisans differs from zoizite by having an atom of bisilicate 
of lime replaced by an atom of another isomorphous silicate, 
namely, bisilicate of protoxide of iron ; whence it follows that 
these two minerals affect the same crystalline form* B. 

T 
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fatent glass, which, in the exterior flamei asjnviiies 
an amethyst colour; and in the int^or, whilst 
hotV is tinged by iron, but becomes cdourkss on 
cooling. 

fVith salt of phosphorus intumesces and decom- 
poses, leaving a silica skeleton. The ^ass does 
not assame the colour indicative of manganese^ 
but is tinged by iron whilst hot. 

With soda behaves like the precedi^ minerals. 

16. Prehnite and Kouphdile. 

According to. Klaproth's analysis, these minerals, 
except the small quantity of water they omtain, 
must have absolutely the same composition as 
Laugier and Nordaiskiold found for paranthin^s;^ 
Liaugier,Gehlenand Thomson obtained other results, 
aliagremgverynearly witikthe compositionof latom 
of bisilicate of lime+2 atoms of silicate of alumina. 

Alonty in the matrass^ they give off a little 
moisture, without losing their transparency, which 
they retain till they b^in to intumesce and fuse 
by exposure to a high temperature. Koupholite 
exhales an empyreumatic odour and blackens 
slightly. This is occasioned by most specimens 
from mineralogical collections having their inter- 
stices, by long exposure to the air, filled vdth dust, 

> The text in the French translation, generally very accu- 
rate, is, in this instance, obscure; it is as follows: — ** D'apr^ 
Tanalyse de Klaproth, ces fossiles auraient la composition cbi^ 
mique et jusqu* \ la petite quantity d*eau que Laugier et 
Kordentkiold out trouvee dans Ic paranthine.** I have given 
the passage, through the kind assistance of a friend, from the 
German. C. 
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which dif^rd by the heat. When this adventitidii^ 
dust is Entirely consumed, the crystalline laminae 
of the mineral recover their transparence. Both 
the minerals give a blebby white glass. 

fVith borax fuse readily into a diaphanous glass^ 
which becomes turbid and very difficrii to melt 
when saturated. 

IVith salt of phosphorus decompose^ and leave 
a flawy silica skdeton. The glass is transparent, 
and becomes opaline on cooling. 

With soda fiise very Uboriously, with incessant 
intumescence, into a scarce liquid, transparent glass; 
this result requires a prolonged blast. With a 
large quantity of soda the glass is at last converted 
into a semi-vitreous scoria. 

17. Paranthine, Scapolite} 

{a). Scapolite^ from Pargas. 

Alone, in the matrass, gives off a little moisture^ 
but does not lose its tran^arence. 

On charcoal, not altered by moderate ignition ; 
in a strong heat, fuses, intumesces violently, and 
forms, after the motion has ceased, a colourless, 
flawy, irregular and semi-translucid masSf which 
is no longer fusible. 

With borax fuses, with continued effervesceneef 
into a transparent glass. The effervescence ensues, 
even if the assay have been fused separately, till all 
internal motion has ceased, before it is treated with 
borax. 

* One atom of silicate of lime +3 atoms of silicate of alu« 
mina. C. 

T 2 
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^ Salt of phosphorus decomposes it in like manner 
with effervescence. 

fFith soda fuses slowly into a transparent glass, 
which a larger quantity of the flux renders difficult 
of fusion. 
' With solution of cobalt gives a blue glass. 

{b). Scapolite, from Malsjo. 

^/oi?efirsttumsmilkwhite,thenfusesintoacolour- 
ksss glass, rendered turbid by the blebs it contains. 

With borax^ and salt of phosphorus^ dissolvei^ 
with eflfervescence like the preceding mineral. 

With soda fuses very readily into a diaphanous 
gia^s, which a larger quantity of soda neither ren- 
ders intumescent nor infusible. 

(c). Scapolite, from Arendal (vitreous paranthine 
of Haiiy). 

Behaves precisely like the preceding mineral. 

(d).Dipyre9 from Mauldon, behaves just like the 
scapolite from Malgo. Like the rest it gives off a 
small quantity of water without its transparence 
being affected, and appears to be a true scapolite^ 
notwithstanding Vauquelin's analysis. 

18. Scolezite} 

Alone^ in the matrass^ gives off water, and turns 
milk white; intumesces and fuses with difficulty 
into a blebby, colourless glass. 

With borax, salt of phosphorus, and soda, be- 
haves like the preceding, particularly the two last. 



« One atom of trisilicate of lime +3 atomfi of silicate o^ 
alumina+l of water. C, 
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Remark. — ^M. Noidenskiold found, amongst the 
minerals from Pargas, an anhydrous Scolezite. 
<See his Bidrag, &c., I. 67.) 

19. Mealy zeolite} 4 

20. Chabasie} .: 

21. Stillite.'' 

22. Laumonite} 

All these minerals behave like scole^te and prefab 
nite ; the blowpipe is incapable of detecting in 
them those diiBferences which belong only to slight 
variations in the proportions of elements of the 
same nature. Laumonite gives in the first instant 
of fusion, a white globule, similar to enamel ; but 
by a stronger heat, the globule itself is converted 
into a semi-transparent glass, with a turbid aspect 
from its Webby texture. It appears to be a general 
character of the double silicates of Hme and alumina, 
particularly when they contain two, three, or a 
greater number of atoms of alumina to one of 
lime, to intumesce when they begin to fuse, as we 
have seen in all these silicates from epidote, indu^ 
sive, and as we shall see again in the calcaregus 
tourmalines. 

> One atom of trisilicate of lipie+3 atoms of bwilicate of 
alumina + 3 atoms of water. C . 

* The same as mealy zeolite, but with a double quantity 
(6 atoms) of water. C. 

3 One atom of trisilicate of lime +3 atoms of trisilicate of 
alumina+6 atoms of water. C. 

^ One atom of bisilicate of lime +.4? atoms of bisillci^te of 
alumina -f 6 atoms of water. C. 



278 PYR0GN08TIC CHARACTERS 

23. Cymophane, Ckrysobcryl, from Ceykm and 
Connecticut.^ 

Alone, no change. If prerioualy pulverised, th^ 
edge of the, cake assumes a vitreous appearance in 
a strong heat, but does not fuse. 

With borax fuses slowly into a transparent glass, 
which remains diaphanous at eVery degree of satur- 
ation* 

With salt of phosphorus fuses slowly, without 
residuum, into a transparent gtess, which does iu>t 
become opaline on cooling. 

Soda has little action on cymophane ; it causes 
no intumescence, the surface of the assay ixierely 
becomes dull. This flux hsfi np greater action on 
the pulverised mineral. 

With solution of cobalt the cake hnw^ by 
kneading the pulverised mineral develops a igne 
blue colour without fusing. 

24, LievritCp Y6nite, from the isle of Ell^.^ 
AlofiCf in the matrass^ gives off water free from 

lieidity, whidb appears to be merely a mechanical 

* One atom of sub-qqadri^silicate of lime + 18 atoms of 
sub-quadri*8ilicate of alumina* C. — This composi^ioni ca|« 
culated on Klaproth's analysis, Beytrag, I. 102, does not 
appear to me to be correct.* I thinlf the lime is not an 
essential element of the mineral, whose characters accord sq 
perfectly with those of a subsilicate of alumina, that I doubt 
not we should place it beside dysthdqe in the family of alu- 
minous min.erals. B. 

^ One atom of silicate of lime +4 atoms of silicate of prot- 
oxide of iron. C. 

• The reader will probably be of the same opinion. C» 
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mixture, since the aspect of the mineral is not af* 
li^cted by its expulsion. 

On charcoal fiises readily into a black globule, 
which becomes vitreous in the exterior flame ; in 
the inferior flame its surface becomes dull, and it 
acquires the property of being attracted by the 
magnet) provided the globule has not been heated 
to redness. 

fFith borax dissolves readily into a dark, almost 
opaque glass, coloured by iron. 

IVith salt of phosphorus decomposes, leaves a 
silica skeleton, and gives a glass strongly coloured 
by iron. 

With soda lievrite fuses into a Uack glass. On 
platina foil it exhibits traces of manganese. 

25. AplomCy calcareous garnet. 

This is another instance of the same crystalline 
form extending to combinations so different, that 
their identity of figure cannot justify our consider- 
ing them as substances belonging to the same 
species ; we shall, however, in this, as in the case 
of amphibole, pyroxene and epidote, see all our 
difficulties satisfactorily removed by Mitscherlich's 
discovery of the isomorphism (riscrraorphisme) of 
certain bases, and the property of isomorphous 
combinations of crystallizing simultaneously, with- 
out being confined to fixed proportions. I have 
already said, that the protoxides of iron and man- 
ganese form one self-same class of isomorphous 
bases with lime and magnesia. Mitscherlich haa 

shown that alumina, and the peroxides of iron and 
i 
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manganese, also compose a class of isomorphous^ bo^ 
dies, but whose form is not the same as that of the 
bases of the first class ; now it is these seven bases, 
just named; which occur in the garnets. We have 
seen that aluminiferous garnet is composed of 1 
atom of silicate of protoxide of iron -f 1 atom of sili- 
cate of alumina. But it is dear that each of the three 
bases, isomorphous with protoxide of iron, may be 
substituted for it, without chai^ng the form of 
the crystal. For instance, 1 atom of siUoate cl* 
lime+1 atom of silicate of alumina will form a 
garnet just as well aei. the preceding compound. 
On the other hand, peroxide of iron and alumina 
being isomorphous, the first of these bases may 
take the place of the second; we can, therefore^ 
again imagine garnets composed of 1 atom of sili* 
cate of lime+1 atom of silicate of peroxide of iron. 
These different garnets may occur in nature either 
separately, or crystallized in common, and in b31 
sorts of proportions; and as their localities vary, 
the proportions of their constituent parts will vary 
also, and perhaps in toto, so that two different 
places will scarcely ever present the same species. 
This is completely confirmed by experiment. Bu- 
cholz analysed a garnet from Thuringia, which I 
have not had an opportunity of seeing; his analysis 
gives 1 atom of silicate of lime+1 atom of silicate 
of peroxide of iron. Melanite, analysed by Klap- 
roth, is formed pretty nearly of 1 atom of silicate of 
lime+1 atom of silicate of alumina, with three 
^toms of silicate of lime, and silicate of peroxide of 

2 
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iron (equivalent altogether to 1 atom of silicate of 
alumina-f-3 atoms of silicate of peroxide of iron+4 
atoms of silicate of Ume), and there is no rea^^n 
Hot supposing that the combination which takes 
place in this instance between the two double sili- 
oates, is more intimate or more chemical than 
those which M itscherlich formed at pleasure in his 
beautiful experiments on the simultaneous crystal- 
lization of isomorphous sulphates, with variable 
proportions of the different sulphates. According^ 
to Murray's analysis of Dannemora garnet, it is 
composed of three others, which are, rdspectively^ 
1 atom of silicate of lime-f 1 atom of silicate of 
alumina...! atom of silicate of protoxide of man- 
ganese-}- 1 atom of silicate of aluibina...and 1 atom 
of silicate of protoxide of iron-f-l atom of silicate 
of alumina. The analysis of a deep brown garnet, 
fipom Longbanshytta, {Rothoffite^) by Rothoff, 
teaches us that it is formed of two others, namely, 
1 atom of silicate of lime-fl atom of silicate rf 
peroxide of manganese... and 1 atom of silicate of 
Ume-I^l atom of silicate of peroxide of iron, the 
second being nearly in three times greater quantity 
than the first. What I have said is sufficient to 
show how it is that garnets differ so much from 
one another in their chemical composition. As 
this composition almost always varies with the 
places they come from, it seems to me more con- 
venient to distinguish them by their localities, 
than to invent peculiar names for each variety. 
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whi^ in time would form a veiy hmg list^ tue- 
lewly burthensome to the memory. 

(«). Black garnet, from Frescatu (Melanite.) 

Alone fuses without foam into a black brilliant 
globule. 

fVith borajf fuses slowly and difficultly into a 
glass coloured by iron. 

With salt of phosphorus decomposes i^wly^and 
leaves a silica skdeton. The tint firom iron disap*^ 
pe«f s on cooling. 

fFith soda fuses into a black glass globule ; an 
UK^eased dose of the flux renders it more difficult 
to fuse; nerertheless, it still does fuse after the 
excess of soda has been absorbed by the charcoaL 
On platina foil it shows traces of manganese. 

(l3). Green garnet, from Sala. 

Fuses, with stroiig intumescence^ into a black 
brilliant glass. 

fVith borax and salt of phosphorus behaves like 
the preceding. 

fVith soda decomposes and intumesces^ but af- 
terwards fuses into a black l»illiant globule. .On 
platina foil exhibits traces of manganese. 

(y). Clear brown garnet, firom Dannemora. 

Fuses readily without intumescence into a black 
brilliant globule. 

fVith bora.v ftises into a transparent glass, wluch 
in the oxidating flame assumes a false amethyst 
colour, and, in the reducing flame, the greai cdiour, 
characteristic of iron • 
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fVith salt of phosphorus behaves like the pre- 
ceding. 

fVitk sodfff at first becomes green, then intu- 
mesces and fuses into a black globule with metal- 
lic lustre. 

(i). Deep brown or black garnet, from Long- 
banshytta. (Rothoffite.) 

Alone fuses with difficulty into a black, dull, 
or semi-vitreous globule. 

PFith borax fuses with difficulty into a dark 
green glass. 

ff^th salt of phosphorus behaves like the pre- 
ceding minerals. 

fVith soda fuses with difficulty into a black glass. 
On platina foil Rothoffite shows that it is much 
loaded with manganese. 

(i). Red garnet, from the limestone quarry at 
KuUa in Finland; Romanzowite. 

Alone becomes brown by heat without losing its 
transparence ; fuses with slight intumescence into 
a greenish, blebby glasa globule. 

frith borax dissolves with extreme difficulty* 
With a prolonged blast it ffarst becomes green on 
the edges, then in the central part, which now 
shines with a more intense green colour than the 
surrounding glass ; at length it totally fuses. 

With salt of phosphorus as with the preceding 
minerals. 

fVith soda intumesces and fuses into a green 
glass, which more soda renders difficult to fuse. 
On the platina foil gives traces of manganese. 
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Remark. — This garnet much resembles the es- 
sonite firom Ceylon, both in aspect and composition. 
According to Nordenskiold, romanzowite is com- 
posed of 1 atom of silicate of peroxide of iron +3 
atoms of silicate of lime+5 atoms of silicate of 
alumina ; and the analysis of Klaproth gives the 
ccmiposition of essonite from Ceylon as 1 atom of 
silicate of peroxide of iron +4 atoms of silicate of 
lime+5 atoms of silicate of alumina. Both occur 
in limestone. 

(^). Allochfoite^ from Berggieshiibel, in Saxony* 

Alone fuses easily without intumescence into a 
black brilliant glass. 

With bora<v fuses easily into a glass coloured 
green by iron- 

With salt of phosphorus and soda behaves like 
the preceding minerals. On platina foil gives slight 
traces of manganese. 

26. Essonite. 

{a). From Ceylon^ Kaneelstein. 

Alone does not turn brown by heat ; ftises readily 
into a glass, which at &st has the same colour, as 
the mineral, but afterwards becomes greenish ; in 
both cases it is transparent. 

With borax fuses readily into a transparent 
glass, very slightly coloured by iron. 

With salt of phosphorus behaves like the pre- 
ceding. 

With soda fuses into a green glass, which a 
larger dose of the flux converts into a difficultly 
fusible grey scoria. 
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(3). From Brasil. 

Its dark red colour does not become darker by heat; 
fuses readily into a black globule with a metaillic 
surface, but not very attractable by the magnet. 

fVith borax fuses with the greatest facility into 
a glass coloured by iron. 

With salt of phosphorus decomposes like the 
other garnets. 

With soda decomposes; a very small quantity 
of soda gives a black glass, a larger quantity con- 
verts it into an infusible scoria. 

27. Idocrase. Haiiy has separated this mineral 
and the preceding, which differ from the garnets 
in their primitive form, into two distinct species^ 
They are, however, but mixtures of the same sili- 
cates in different proportions, and what we have 
said respecting garnets applies to them. Time 
will show if any other essential difference besides 
form exist between them. 

(a). Vesuvian^ from Vesuvius and Fassa. 

Fuses very easily, with inttmiescence, into a dark 
glas»3, which, in the exterior flame, becomes yellow 
and transparent. 

With borax fuses easily into a diaphanous glass 
coloured by iron. 

With salt of phosphorus decomposes easily, and 
leaves a silica skeleton. The glass becomes opaliniE^ 
on cooling. 

With soda vitrifies with greater difficulty than 
the garnets ; a fresh quantity of soda converts th^ 
glass into scoria. 
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Remark.'-^The facility with which the idoerftises 
dissolve in borax and glass of phosphorus, is con* 
nected with their ^property of intumesdng at a: 
certain temperature, for when this takes place in 
presence of the fluxes, it affordB the latter a greater 
number of channels by which to penetrate into the 
interior of the assay, and thus enaUes them to act 
at once on an increased number of points. As to 
the difficulty with which the idocrases dissolve 
with soda, it must be attributed to their contain* 
ing much less iron than the garnets. 

(b). Egerane^ from Egra. 

Fuses with intumescence, but without first be* 
coining opaque, into a greenish, blebby glass. 

With the jluxts behaves like the preceding. 

(c). Loboite, magnesian idocrase, from Gokum 
and Frugord. 

Aione becomes opaque, splits, and then frises 
readily, with intumescence, into a green or yel- 
lowish globule, which seems to be composed of 
heterogaieous parts. 

fFith borax frises almost instantly with slight 
intumescence. 

fVith soda and salt of phosphorus behaves like 
the preceding minerals. 

(d). Cyprine, cupreous id^ase, from Tellemar- 
ken, in Norway. 

A moderate ignition does not alter its fine blue 
colour. Whilst hot it appears black, but it be- 
comes blue again on cooling. It frises easily, with 
violent intumescence, into a blebby globule, which 
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is black in the oxidating flame, but in the redudn;^ 
exhibits. a red colour, derived from protoxide of 
tapper. 

With borax fuses easily into a diaphmioufi glassy 
which in the o:ddating flame becomes green. In 
the reducing flame it becomes colourless, and, if 
not sufficiently saturated with cyprine, tihe effect 
of the copper cannot be developed without the 
addition of tin. 

JVith salt of phosphorus decomposes immediately, 
the assay intumesces, and forms a flawy mass, whidi 
is green when cold^ and becomes red on the surfece, 
in the interior flame. A large quantity of the «alt 
developes the green colour of copper, hut the red 
can only be obtained by the help of tin. 

With soda a black glass, which takes a larger 
dose of soda than l^e preceding. By reduction, 
the assay gives a good deal of copper. 

Remark. — Mitscherlich has shown that o^dde of 
copper belongs to the «ame class of isomorphous 
bases as lime, magnesia, protoxide of iron, &c; 
but instances of the substitution df the .former for 
either of the others are extremely rare in Ae mi- 
neral kingdom. Cyprine, however, is one af th^n« 

28. Pyrope. 

{a). Pyrope, from Ceylon. 

Becomes brown by heat, and, at last, black and 
tjpaque ; if we now suflfer the assay to cool, and 
watch its appearance whilst cooling by daylight, 
we may perceive it become successively dark green, 
flne chrome green, and colourless ; and, lastly^ the 
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ftie fiery red that distinguishes it in its natural 
state, re-appears in full vivacity. It fuses with 
difficulty and without intumescence, into a bril- 
liant black glass. 

With borax fuses into a chrome green glass^ 
the beauty of whose colour depends on the degree 
of saturation. 

With salt of phosphorus decomposes as slowly 
as possible, and leaves a silica skeleton. Before 
the assay decomposes, the glass assumes a green 
colour. The assay retains its original state and 
jred colour for a long time, till at last it is gradually 
converted into the silica skeleton. The globule 
becomes opaline on cooling, and assumes a du:ome 
green colour. 

With soda the assay decomposes, but does not 
dissolve, at least only in very minute quantity. 
The result of the decomposition is a red brown 
globule Composed of scoriae. 

{by Bohemian Pyrope. 

Becomes black and opaque by heat; seen by 
refracted light, during its cooling, it first appears 
dirty yellow; immediately afterwards it becomes 
red; lastly, it recovers its original colour. 

With borax fuses into a glass strongly coloured 
by iron, without any notable mixture of chrome 
green. 

With salt of phosphorus behaves like the pre- 
ceding, but gives a lighter green colour. 

With soda behaves like the preceding, 

29. AxinitCy Thumerstein, from Dauphiny. 
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Alone intumesces and fuses readily into a dark 
green glass, which blackens in the exterior flame. 
The black colour is developed by the peroxide of 
manganese. 

fVith boras fiises readily into a glass coloured 
by iron, but which in the exterior flame assumes 
an impure amethystine tint. 

fVith salt of phosphorm decomposes with the 
common phenomena. 

With soda first becomes green, then fuses into a 
black glass with an almost metallic lustre. 

30. Anthophyllit^y from Greenland. 

Alone unalterable and infusible both in fragment 
and in powder. 

With borax fuses with difficulty into a glass 
coloured by iron. 

With salt of phosphorus decomposes slowly^ 
and leaves a silica skeleton. 

With soda ftises with difficulty into a scoriaceous 
mass ; gives no trace of manganese. 

81. GehlenitCj from Monzoni, in the Valley of» 
Fassa.^ 

Alone, no change. 

With borax dissolves with extreme difficulty 
into a glass faintly coloured by iron. 

With salt of phosphorus becomes gradually 

I Two atoms of silicate of lime-f 1 atom of subsilicate of 
alumina ; about -^ of the latter is replaced by subsilicate of 
peroxide of iron. The formula calculated on the authoritj 
of Fuchs. C. 

U 
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transparent on the edges, and dissolves entirety 
without previous intumescence. 

PFith soda intumesces^ but does not ftise. 

JVith solution of cobalt gives a dark, impure blue. 

fFith boracic acid fiises into a transparent glass,, 
coloured green by iron; gives no phosphuret by 
the addition of metallic iron. 

3SL Cerin^y from Bastnas.^ 

AlonCy in the matrass^ gives off a little water - 
without altering its appearance ; the water cannot^ 
therefore, omstitute <Mie of the chemical elements 
of the mineral; fuses easily with intumescence 
into a black, shining glass globule. 

With borax fuses easily into an opaque black 
glass, which becomes blood red in the exterior 
flame, and retains that colour whilst hot^ but 
^ohanges it for a more or less dark yeUow when 
cold. In the reducing flame, the glass exhibits a 
flne iron green colour. It does not become opaque 
hy flaming. 

JVith salt of phosphorus decomposes, and leaves 
an opaque silica skeleton. Whilst hot, the glass 
exhibits the colour indicative rf iron, but becomes 
colourless and opaline on cooling. 

With soda fuses into a black glass, which is not 
tendered less fusible by a larger quantity of the flux. 

< The formula gives 1 atom of silicate of lime +^ atoms of 
silicatie of alumina^ mixed with a considerable quantity of 
sificate of protoxide of cerium, and silicate of i»'otoxide of 
iron» C. 
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Remark. — I have not had an opportunity of 
fetssaying the allanite of Thomson by the blow- 
pipe. I conceive it must behave very much like 
cerine.^ 

' By the kindness of Mr. Heuland, who neglects no oppor^^ 
tunity of assisting experimental research, I am enabled to 
supply the deficiency. That gentleman had the goodness to 
furnish me with two small imperfect crystals of allanite, from 
Alluk, near Kakasoeits, in South Greenland, which he received 
from Sir Charles Gieseckl, and which are unquestionably of 
the same species as that analped by Dr. Thomson. The 
following are the results of my experiments. 

Alofi€f in the matrasSf decrepitated slightly, and gave off 
moisture, which condensed into drops of pure water. The 
colour of the assay became lighter, and somewhat greenish 
yellow on the surface. 

In the platina forceps a small fragment, with a very thin 
edge, merely became greenish yellow on the surface, but did 
not fuse with a very intense heat continued for a considerable 
time. On charcoal, same eflfect. 

When pulverised^ it was equally infusible. 

Remark. "-^In this respect the specimen I examined difers 
from the allanite which Dr. Thomson analysed, who states it 
to have frothed before the blowpipe, and melted imperfectly 
into a black scoria. 

With borax, on the platina wire, a small fragment of the 
assay was very little acted on; it revolved rapidly in the 
globule, slowly diminished in bulk, and became white; the 
glass was perfectly transparent, and presented a very light 
fine yellow colour. In the reducing fiame, the remainder of 
the globule dissolved, glass still transparent, and green on 
cooling. When in powder, the assay dissolved on platina 
wire pretty readily; in the exterior flame, the glass/ quite 
saturated, had a rather dark yellow colour whilst hot, which 
became lighter on cooling, was transparent, and could not be 
made opaque by flaming. In the reducing flame, the globule 

u 2 
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,33. Ortfiite, from Finbo and Gottliebsgong.* . 
Alone^ in the matrass^ gives oflF water, and at a 
high temperature its colour becomes clearer. 

became opaque from excess of the assay, and dirty yellowish 
brown. With a further quantity of the flux, in the exterior 
flame, the original yellow colour re-appeared, whicb^ in the 
reducing flame, assumed a somewhat greener tinge, but 
experienced no other change. 

With salt of phosphorus f little action on a fragment of the 
assay; glass at first yellow; when cold, nearly colourless, 
with a very slight tint of green, and containing a rather 
compact silica skeleton, of a light reddish colour. The 
pulverised assay fused readily into a light bluish green glass, 
almost colourless on cooling. With the assay in excess, the. 
glass became opaque and dull reddish purple. A fresh 
quantity of the flux restored the original colour. In the 
reducing flame^ the colour became light dirty brown whilst 
hot, but on cooling le-assumed the bluish green. 

With sodoy on platina wire, or charcoal, no sensible action 
on a fragment of the assay, and scarcely more when pulverised ; 
globule opaque and almost white, very slightly inclining to 
bluish green, which, in the reducing flame, disappeared ; the 
globule became grey-white, scarcely inclining to reddish, 
bubbled considerably, projected little ignited particles, and. 
gave off elastic matter, which burnt with continual flickering 
and enlargement of the flame of the lamp, whilst the mass 
rapidly diminished in volume till hardly any thing was left on 
the wire. 

With sodUf on platina foil, no trace of manganese. 

Some other specimens which were given me for allanite, 
presented precisely the same phenomena as Berzelius obtained 
with cerine, except that with soda they gave, in the exterior 
flame, a dirty brown opaque mass (Containing black particles 
of the assay dispersed through it, instead of the black glass. 
They also gave less water when heated in the matrass than 
pure allanite, and their appearance ^*as not altered by the 

1 
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Alone, on charcoal^ intumesces, becomes yellow 
brown, and at length fuses, with a brisk bubbling, 
into a black, blebby glass. 

With borax dissolves readily. The glass,*'whilst 
hot, is blood-r^ ; when cold, it is yellow. In the 
reducing flame, it assumes an iron tint. 

With salt of phosphorus decomposes readily 
with the usual phenomena. 

With soda intumesces ; with a very small dose 
of soda the assay fuses ; with a larger quantity it 
swells up, and is converted into a greyish yellow 
scoria. On the platina foil, traces of manganese 
are visible. 

34. Pyrorthite, from Korarf.'^ 

Alone, in the matrass, first gives off a very large- 
quantity of water, the last portions of which are 
yellowish, and have an empyreumatic odour. The 
residual matter is as black as charcoal. 



operation. All these specimens were, 1 believe, from Sweden, 
except one which was from Iglorsoit, in South Greenland, 
a new locality of allanite discovered by Gieseck^, from whom 
Mr. Heuland received it. It is in a quartz matrix, on gneiss, 
and appears to be crystallized in rhombic prisms. C. 

» One atom of silicate of lime + 3 atoms of silicate of alu- 
mina + 2 atoms of water, mixed with the silicates of the prot- 
oxides of cerium and iron. C* 

* * One atom of silicate of lime + 3 atoms of silicate of alu- 
mina + an unknown number of atoms of water ; it contains 
nearly ^ of its weight of carbon, and ^ of its' weight of water, 
besides a notable quantity of silicate of protoxide of cerium, 
with smaller quantities of the silicates of the protoxides of iron 
and manganese, and silicate of yttria. C. 
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Heated moderately on charcoal, and then to 
redness at one point, it takes &re, and continues 
to shine by itself without flame or smoke. If we 
collect several small fragments into a heap, or, 
having reduced the mmeral to a marse powder, 
form it into a little conical loaf, the combustion 
will ensue in a still more lively manner. A gentle 
blast makes the phenomenon more distinct. After 
roasting, the mineral is white, or grey-white ; its 
tint then varies with the nature of the little pieces 
operated on, and sometimes inclines to red. These 
little pieces are so porous and light that we can-, 
not keep them on the charcoal during the blasts 
Between the forceps, they fiise with difficulty into 
a black glass with an unpolished surface. 

fVith borax pjrrorthite fiises readily into a glass, 
which presents the same phenomena as are shown 
by the preceding mineral with the same flux. 

With salt of phosphorus dissolves with difficulty. 
The porous piece remains on the surface of the 
globule, whilst it is in fusion, and sinks into it as 
it cools ; if we heat it afresh, the porous assay re- 
appears on the surface. 

With soda the phenomena are the same as those 
with orthite, 

7. Strontium, 
1. Sulphate of Strontita.^ 

1 One atom of strontita 52+1 atom of sulphuric aqid 
40 = 92. C. ^ 
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The crystallized mineral decrepitates; sulphate 
of strontita fuses on charcoal, in the exterior flame, 
into a milky white globule, which, before the in- 
terior flame, spreads over the charcoal, decomposes, 
becomes infusible, and leaves a hepatic mass ; after 
it is cold, this mass, when held near the nose, has 
a slight odour of rotten eggs ; its flavour is hepatic 
and caustic: on platina foil it dissolves in great 
part in muriatic add ; if the solution be evaporated - 
to dryness, and the salt be laid on a narrow slip of 
paper, moistened with alcohol, and set on fire, the 
flame in contact with the salt will be coloured red« 
T^is phenomenon ensues even with sulphate of 
baryta if it contain strontita. 

With borax fuses with effervescence into a 
transparent glass, which becomes yellow or brown' 
on cooling, and opaque if the proportion of sul-^ 
phate be considerable. 

With salt of phosphorus behaves like strontita. 
With soda swells up, decomposes, penetrates the 
charcoal, and forms a strongly hepatic mass. 

With soda and silica gives a glass coloured by 
the hepar. 

With floor spar fuses into a transparent glass, 
which becomes enamel white on cooling. 

2. Carbonate of Strontita, (See Strontita, p. 
78) 

8. Barium. 

1. Sulphate of Baryta} 

' One atom of baryta 784-1 atom of sulphuric acid 40 s 
118. C. 
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9. TriphanCf Spadum^ne, from Uto^ and the 
TyroL^ 

Alone, in the matrass, gives off water, and be- 
comes more turbid and whiter than it was at first. 

On charcoal intumesces like the double silicates 
ol lime and alumina, and afterwards fiises into a 
colourless, almost transparent glass. 

fFith boraa? intumesces, but does not fuse easily ; 
the tumified mass becomes transparent and globu- 
lar, but for a long while remains undissolved. 

With salt of phosphorus intumesces in a similar 
manner, decomposes pretty readily, and leaves a 
silica skeleton. 

With soda swells up and fiises into a transparent 
glass, which, although rendered opaque by a larger 
quantity of soda, does not thereby become difficult 
of fusion. 

With solution of cobalt gives a blue glass. 

8. PetaUte, frcwn Uto-^ 

Behaves in all respects like feldspar (which see). 

4, Tourmaline, from Uto.® 

(a). Red, and clear green. 

Alone turns milk white^ intumesces a little, splits 

' By the formula, calculated on Arfwedson's analyBis, it is 
composed of 1 atom of trisilicate of Hthia + S atoms of bi<« 
ailicate of alumina. C. 

^ Also from A rfwedson's analysis; 1 atom of sex-silicate 
of lithia + 3 atoms of trisilicate of alumina. C. 

s One. atom of silicate of lithia + 9 atoms of silicate of 
alumina? On the same authority. C. 
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obliquely^ does not fuse, but becomes scoriaceous 
on the surface. 

fVith borax first effervesces slightly, turns 
milky white, and then filses, slowly and with diffi-i 
culty, into a transparent, colourless glass. 

With salt of phosphorus the effervescence, co- 
louring and solution take place in the same manner, 
and without the assay dividing ; at the same time 
its bulk diminishes. The glass produced becomes 
opaline on cooling. 

JVith soda fuses with extreme difficulty into an 
opaque glass. On platina foil it assumes a dark, 
green colour. 

{b). Clear blue^ Ji^dy striated. 

Alone intumesces a little, whitens, does not fiise, 
but becomes scoriaceous on the surface, and blebby 
in the part most strongly heated. 

JVith borax fiises pretty easily, with effer- 
vescence, especially if too much of the assay be not 
added at once, into a diaphanous glass. 

fVith salt of phosphorus intumesces and effer* 
vesces; the skeleton divides, and afterwards in great 
measure dissolves. The globule becomes opaline 
on cooling. 

With soda fuses with difficulty into a dark glass, 
whose fusibility is diminished, but not destroyed, 
by a ftirther quantity of soda. On the platina foil 
traces of manganese are perceptible. 

(c). Dark blue^ in large crystals, Indigolite. 

Alone swells up very much, particularly longi^ 
tudinally, so that in this direction it increases to 
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nearly three times its original dimensions ; but the 
increase of volume only taking place on one side* 
the assay becomes curved, aiid rolls over ; at the 
same time it is converted into a black scoria. 

JVith the fluxes behaves like the preceding 
mineral. 

Remark. — The varieties b and c appear to result 
from a mixture of the lithium-tourmaline with that 
species of tourmaline, which I have placed further 
on in the potassium family. 

5. Lepidolite, from Rosoena, and Uto. (Lithion- 
glimmer.) ? ^ 

Alone, in the matrass, gives off water, which, 
if the heat be pushed to redness, is sensibly loaded 
with fluoric acid, yellows brazil wood paper, and 
dulls the glass here and there by the silica it de- 
posits on its surface. 

On charcoal intumesces and fuses very readily 
into a transparent, colourless, blebby glass globule, 

JVith borax fuses readily, and in large quantity, 
into a transparent glass. 

fVith salt of phosphorus decomposes and leaves 
a silica skeleton ; the globule becomes opaline on 
cooling. 

IVith soda fuses readily, with intumescence, into 
a slightly blebby transparent glass. 

With solution of cobalt becomes blue in fusing. 

' Professor C. Gmelin, of Thiibingen, found lithia and 
potassa in this mineral. If the difference between it and 
common mica be owing to its containing lithia, the presence 
of potassa may be derived from a mixture of common mica. B. 
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li^ith boracic acid and iron gives no phosplmret 
of iron. 

10. Sodium. 

1. Sulphate of soda} 

Alone, in the matrass^ fuses in its water of 
crystallization, which evaporates. The dried salt 
fiises on charcoal, penetrates it, and is converted 
into sulphuret. 

Fused with soda it passes into the charcoal, hy 
which it is distinguished from salts with earthy 
bases. With soda and silica, it gives a glass co- 
loured by the hepar. 

2. GlauberitCj from Villarubia, in Spain. I 
am indebted to M. Brongniart for the specimen 
used in these experiments.^ 

Alone, in the matra^, decrepitates violently^ 
and gives off a very little water. In an incipient 
fed heat it afterwairds fuses into a transparent glass, 
which gives off no volatile substance. 

On charcoal whitens on the first impulse of the 
heat, and then fuses easily into a clear globule, 
which loses its transparence on cooling. In the 
reducing flame, it fixes and becomes hepatic. ' The 
sulphuret of soda penetrates into the charcoal, and 
the lime remains on the siurface in the form of a 
very porous white globule. 

' One atom of sulphuric acid 40 + 1 atom of soda 32 -f JO 
atoms of water 90 = 162. C. 

' One atom of sulphate of soda 72 + 1 atom of carbonate 
of lime 50 =5 122. C, 
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fFith borax dissolves with brisk eflFervescence j 
the mass is absorbed by the charcoal. 

With salt of phosphorus ftises with eflFervescence 
into a milk white glass. 

With fiuor spar fuses like gypsmn. 

With soda is decomposed ; a hepatic mass passes 
into the charcoal, and the lime remains on the sur« 
£i€e. With soda and silica forms a glass coloured 
by the hepar. 

3. Sea salt} 

Alone, in the matrass, decrepitates, and gives 
oflF a little water. 

On charcoal fuses and is absorbed, with the 
disengagement of fumes. On the plat ina foil Aises 
into a diaphanous mass, which loses its transparence 
on congealing. With salt of phosphorus, impreg^ 
nated with oxide of copper, we obtain the fine 
blue flame characteristic of muriatic acid. With 
soda, on platina foil, it dissolves without becoming 
turbid. 

4. Borax or Tincal. 

Intumesces like borax, carbonizes, gives off an 
empyreumatic odour, and then fuses into a trans- 
parent globule. 

5. Cryolite, from Greenland.* 

I One atom of sodium 24« + 1 atom of chlorine 36 =s 60. C* 
» The analyses of Klaproth and Vauquelin very nearly agree, 

except in the quantity of fluoric acid and water contained in 

cryolite, of which the former found 40, the latter 47 per ce6t. 

By Klaproth's analysis, the alumina is to the soda as 24 : 36. 

The formula, calculated on what data does not appear, gives 
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Alone f in the matrass, gives off a little water, 
and decrepitates, but does nQt lose its transparence. 

In the open tube, the flame being directed into 
it and immediately on the assay, the glass is strongly 
attacked, and the moisture which condenses in the 
tube, indicates, by its effects, the presence of fluoric 
add. 

On charcoal fuses into a transparent globule 
which becomes opaque on cooling. By a continued 
blast, the glass flows abroad, the fluate of soda is 
absorbed by the charcoal, and an aluminous crust 
remains on the surface. 

Borax readily dissolves a laige quantity of cry- 
olite, and converts it into a transparent glass, which 
becomes milk white on cooling* Salt of phosphorus 
produces the same effects. The glass globule some* 
times assumes a reddish tint from the presence of 
a small quantity of copper. 

With soda fuses into a clear glass, which flowi 
abroad, and becomes milky white on cooling. 

fVith boracic acid and iron we obtain no phos* 
phuret of iron. 

6. Sodalite. 

(a). Sodalite^ from Vesuvius.* 

(I had the specimen from M. Haiiy.) 

the composition of cryolite as 3 atoms of fluate of soda + 1 
atom of sesqui-fluate of alumina. C. 

* One compound atorn^ composed of an atom oi chloride 
of sodium^ with 2 atoms of submuriate of alumina + 4* 
compound atoms, each composed of an atom of silicate of 
soda, with three atoms of silicate of alumina. Calculated 
£tom Arfwedson's analysis. €• 
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AlonCy in the matrass, gives no traces of water. 

Oh charcoal^ no change ; but, by a very power-* 
fill blast, its edges become rounded, without intii- 
inescence, or the formation of bubbles, and without 
the assay losing its transparence. 

With borax fuses in small quantity, and with 
extreme difficulty, into a transparent, colomrless 



With salt of phosphorus does not intumesce ; 
ft^ses with difficulty in small quantity without be- 
ing decomposed. The glass becomes opaline on 
cooling. 

With a small quantity of soda gives a trans- 
parent glass, surrounding an untouched nucleus. 
A larger quantity of soda decomposes the minepral> 
causes it to swell up, and become infusible. If we 
t^en add a further dose of the flux, the intumesced 
mass fuses into a turbid or opaque, but colourless, 
glass. 

With solution of cobalt the fused edges are 
coloured blue* 

(b). SodalitCy from Greenland.^ 

(The specimen was given me by M. C!ordier.) 

Alone, in the matrass, gives off a little water, 
but the appearance and transparence of the mineral 
remain unaltered. 

On charcoal fuses with very brisk intumescence 
and' ebullition, into a distorted, colourless glass. 

' The formula, calculated from Thomson's analysis, gives 
1 atom of silicate of soda + 2 atoms of silicate of alumina. 
By the ? annexed, the author .seenis doubtful of its accuracy. 
C. 
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fVilh borax bchaveiBi like the preceding. 

With salt of phosphorus decomposes with the 
greatest difficulty. After having continued the 
bhist f(Hr some time, the edges of the assay became 
siliceous. The glass turns opaline on cooling. 

With soda vitrifies much more difficultly than 
the vesuvian sodalite. The glass is opaque. 

With solution of cobalt behaves like the pre- 
ceding. 

7. LapiS'Laxuli. The specimen used in the 
following experiments was very pure, and had a 
natural cleavage. I am indebted for it to M. 
Cordier. 

AlonCf in the matrass, gives off a little water, 
without changing its aspect, or losing its trans- 
parence. 

On charcoal fuses with difficidty into a white 
glass ; in the first moments of fusion the white is 
mixed with blue, but, on continuing it, the colour 
entirely disappears. The unfused portion preserves 
here and there some blue spots, and becomes dark 
green in the parts near the fused portion. The 
lapis lazuli, whose texture is not lamellar, fuses 
more easily, with slight intumescence.' 

With borax fuses with continued eJFervcscenco 
into a transparent, colourless glass. During the 
solution, the undissolved nucleus shines with greater 
brightness than the glass whicli surrounds it. 

> If not thitt the common lapli lazuli, the laxuritein or 
axureitone of Werner, and the former the lazulite or azurite 
of the same mineralogiit ? C. 

X 
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IFith salt of phosphorus the fusion is also ac- 
compatiifed by a prolonged eflFervescence, and the 
skme phenomena of ignition ; the solution is com^ 
pleH;c/tod leaves' no silica ; the glass is colourleiSSs, 
and becomes opaqtte on cooling. 

JVitlt soda fases^ar^ally into an 6paque greeWish 
grey glass, whicli, on coding, assttme^ ia red cdlpuV^ 
iflrifilarlo that prc^ced by ^'hej)ai*. With a la%er 
quantity of soda, the phenomena are the same.' ^ 

'^^^^R^kiirk:—^^€ btiferescince' with the^fltiX€?i^, a^ 

'*■{ .... ... ' ' . ■ 

Weffla^ thb devel<ip^Ai tot of the hepar colour by soda', 
i^ni' to Indiciatte the' pitesence 'of iSiilphuric acid. 
8. Mesotype.^ 

"^ 'Jifonty\)t theyhdti*asSy gives ;6tf wat^r. 
" '"Oh ^A/jjr^OiO;/ the radiated species exjpands longi- 
tudinally, and the compact intumesces ; both fiist 
dfte^irdS'.'lntO a' bifeblby colourless glass. The 
'tfi^^(ity|)9, in largfe crystals, merely becomes opaque, 
Attd then vitrifies mthbut intuirrescence. 
' With borax -^^Q^ with ^ difficulty. The assay 
inttiiriesces indeed with glass of borax, but ia por- 
tion remains as a white inass, and .Requires a Very 
tong blast for its sdliitioh. . The. gla^j? is transparent 
and colourless. 

' jfVitHsixlt of phpsphovus decomposes very easily, 
ana leaves a gilipa skeleton. The glass becomes 
opaline on cooling. ' , 

' One atom of tri^ilicate. of soda + 3 atoms of silicate of 
alumina + 2 atoms of water. 6y the tables in the Nouveau 
Syste^rae, the iformula is Calculated on Klaproth's analyisis, 
Beytr. v. 49. C. 
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ff^ith soda fused into a transparent glass. 

Remark, — The yellowish compact mesotjrp^ 
from Miss, in Bohemiai becomes red before it fuses. 
This phenomenon is owing to the mineral .being 
colouted by a hydi'ate of peroxide of iron. 

9. MesoiitCf from Hauenstein^ in Bohemia.^ 
Behaves like the preceding^ 

10. Albite^ frtm Broddbo, Finbo, and Haddau, 
ill Connecticut.* 

Behaves in all respects like feldspar. (8ec thb 
article relating to that^mineral.) 

11. Analcimef from I'ossa, and Etna.® 
Alone, in the matrass, gives off water. The 

transparent Variety be<Wmes milky white. ^ 

On^ckarcoalf little change of aspect by -a mode- 
rate lieat ; in a stronger heat it becomes transparent, 
m& then fuses into a slightly blebby, diaphanous 
glass, without previous intumescence or bubbling. . 
fFitk borax dissolves, even in powder, with great 
difficulty, and leaves an opaqUe, concrete residuum. 
The vitreous portion is transparent. 

With salt of phosphorus decomposes slowly, and 
gives a slightly blebby skeleton. The glass is 
transparent, and does not become opaline till after 

I Tlie formula icemi to be calculated on Gehlen and Fucl/i 
analyiif (Nouv. Syit.); it represent! the mineral at composed 
of 1 atom of trisilicate of soda + 1 atom oftrinilicate of lime 
+ 6 atoms of silicate of alumina + 3 atoms of ivater. C. 

* One atom of trisilicate of soda + S atoms of trisilicate of 
alumina. C. 

> One atom of bisilicate of soda -f 3 atoms of bisilieate of 
alumina + 3 atoms of water. From Rose's analysis. C. 

X 2 
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a long continued blast, and even then the effect is 
scarcely perceptible. 

IVith soda gives a transparent glass. 

fFith solution of cobalt gives a blue glass. 

12. EkebergitCf natrolite from Hesselkulla.^ 
Alone^ in the matrass^ gives off a little water, 

but its appearance does not change. 

On charcoal whitens, loses its transparence, in« 
tumesces a little,and then fuses into a blebby,colourr 
less glass. 

With borax, and salt of phosphorus, dissolves 
with effervescence, precisely like paranthine or sea- 
polite. 

fVith soda fuses, like the paranthine from Fargas, 
with great difficulty, into a transparent glass, whose 
greenish colour is developed by iron. 

13. Rubellite, tourmaline apyre (soda-tourma- 
line), from Siberia and America.^ 

Alone, in the matrass, gives off a little moisture ; 
no change of aspect ; the transparent variety gives 
off no water. 

On charcoal turns milk white, intumesces much 
more than the tourmaline from Uto, splits like it 

I From Ekeberg*8 analysis, 1 atom of bisilicate of soda -f 3 
atoms ofbisilicateoflime 4- 12 atoms of silicate of alumina, c. 

^ Red tourmaline. The magnificent specimen of this sub- 
stance in the Britbh Museum, was presented to Col. Symes 
by the King of Ava, and afterwards deposited in Mr. Greville's 
cabinet ; it was valued at 500/. by the Commissioners appointed 
by Parliament to value that gentleman's collection, previously 
to its being purchased by Government. By the formula it is 
1 atom of silicate of soda + 9 atoms of silicate of alumina? C. 

7 
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in an oblique transverse direction, does not fuse, 
but vitrifies on the edges. 

With borax fuses easily, and with effervescence, 
into It transparent glass, in which some fiocculi, 
that dissolve slowly, may be seen floating. 

With salt of phosphorus decomposes pretty 
easily, with effervescence, into an opaline glass, 
and leaves a silica skeleton. 

JVith soda fuses, with great difficulty, into an 
opaque glass. 

Onplatinafoil exhibits the effects of manganese 
in an intense degree; the transparent, colourless 
toiumaline, from America, is more particularly re*^ 
markable in this respect. 

Remark. — We see that the tourmaline apyre is 
more soluble with the fluxes than the tourmaline 
from Uto, apparently because the first intumesces 
at a high temperature more than the second, which^ 
as we have observed before, favours the penetra^ 
tion, and, consequently, the cheqiical action of the 
solvents. 

11. Potassium. 

1, Polyhalite^ from Ischel, in Austria.^ 
AlonCf in. the matrass^ gives pff water, find its 

red colour fSides. 

On charcoal fuses into an opaque, reddish yellow 

globule, which, in the interior flame, congeals, 

^ One atom of sulphate of potat sa -f 2 atomf of sulphate ot 
Ikne -f 1 atom of sulphate of magnesia -f 4 atoms of wat^r; 
according to Professor Stromeyer. C. 
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whitens, and leaves an empty 4^U; its flavour vf 
then saline and shghtly hepatic. : . < • / 

fVith borax fuses, with brisk effa'ves^tice* Sfter 
a somewhat long blast, into a di^q^hanous glass, 
which, on cooling, becomes^ dark red ivil^oitt 3oi^og 
its transparepce* A large quantity of the assay is 
Deoessary for the glaiE^ to become opaque on cooling. 

With salt of phosphorus fuses into a transpa- 
rent, colourless glass. The ajssay must be in large 
proportion to render the glass opaque. - ^ ; 

With soda diecoinposes, leaves' an «arthy m^s, 
which, in the reducing flame, assumes a yellowish 
colour from a mixture of hepar. 

With Jluor spar fuses into an opaque globule, 

3. Alum.^ 

In the matrass fuses, intumesces, and gives off 
water. The dry mass gives off sulphurous acid at 
a red heat, but no sublimate. The residuum be?- 
haves with the fluxes like alumina. 

3. -/4/flwn^^'w (alum-stone), from Tolfa. . Ac- 
cording to Cordier*s analysis, it is a siliceous subsalt^ 
of potassa, alumina, and sulphuric acid, in which 
the oxygen of the ahmuna is to that of the potassa 
as 15:1. 

Aloncy in the matrass^ first gives off water ; in 
a stronger heat sulphate of ammonia sublimes. 

On charcoal, in a strong heat, ccmtracts without 
fusing. ^ 

With bora,v fiises, with effervescence, into a co- 
lourless, transparent glass. 

' One atom of sulphate of potassa + 2 atoms of sulphate of. 
alumina + 24 atoms of waters C« 
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With salt of phosphorus fuses pretty xea^lj, 
and leaves a semi-transparent silica skeletpii ; t^ 
gl^si does nol; hecpme opaline on cooling., ; 

tVith soda does not fuse. 

ff^ith solution of cobalt gives a finp blue. ^ • 

4 Saltpetre,^ ^. : 

Alone, in thematrasSt gives off.a little moi^uxe, 
anfl fuses below a red heat. , . 

On charcoal detonates at the moment \t fu^es, 
and leaves an alcaline mass in the charcoal. . < 

5. Amphigine, heucite.^ , ^^ 

Alone, in the matrass, gives off no water. 

On charcoal, no change, nor .fusion, eyep i{;i 
powder. If the pulverised mineral be mixed ^th 
a very little carbonate of lime, the mixture fjuses 
very evidently.. 

With borax fuses slowly, but in large, quantjityij 
into a diaphanous glass. 

Salt of phosphorus. hsiM Utlie. action o^iamphir 
gone, either in fragment or in powder ; neverthejiess, 
it ^jonverts it intp a transparent globule, having 
nearly the same degree of refrangU)iHty through* 
out, so that no undissolved portion c^ b^ perce^i^ed 
without minute inspection. We may satisf;^,p|qa:'. 
selves of it, by compressipg thj^ Uq^uid gIohuie^]i?e^, 
tween two cold bodies. 

fFith soda fuses slowly, with effe]fvescence, into 
a transparent, although blebby glass. 

1 One atom of potassa4«8 + 1 atom of nitric acid 54 = 102. C. 

^ One atom of bisilicate of potassa + 3 atoms of bisilicajte of 

alumina. The formula calculated from Arfwedson's analysis. C. 
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. With idlutkm of cobalt the assay ^ves a fine 
Uue, but does not fiise. 

6. Meionite, the dioctdiedral variety, firom Ve^ 
suvius.^ 

Jllofie, in a tliin spangle, it throws out, at certain 
points, a Uehby foam ; the whole mass soon after- 
wards bubUes up, and the bubbling lasts a long 
time. The result is a blebby, colourless glass. 

fFith boras fuses slowly, with prolonged effer- 
v^pcenoe, into a transparent glass. 

fFith salt of phosphorus decomposes with effer- 
vescence, and gives a siliceous residuum, and a glass 
which becomes opaline on cooling. 

fVUh soda fuses slowly, with much intumescence, 
into a transparent glass. A large dose of soda is 
requisite, and the assay, for a long while, retains 
an opaque side. 

With solution of cobalt merely fuses on the 
edge, which is coloured blue. 

Remark. — ^These experiments were made on the 
specimen analysed by Arfwedson. (Afh. i Fyaik, 
&c. vi. 255.) I must here inform the reader that 
Professor Leop. Gmelin has analysed a substance 
called meionite, whose composition is altogether 
different. (Schweiger's Journal, xxv. p. 86.) 

7. Felspar."" 

Alone, in the matrass, transparent felspar gives 

^ One atom of trisilicate of potassa -f 3 atoms of bisillcate 
of alumina. From Arfwedson's analysis. C. 

^ One atom of trisilicate of potassa -f 8 atoms of trisilicate 
pf alumina. From A rfWedson's analysis. C. 
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off no water. The eracked> opaque fekpar often 
affbrds a large portion of water^ which was contained 
mechanically in the interfltioes of the mineral. 

On charcoal, in a bright heat^ it becomes vitreoni^ 
semi-transparent and white, and ftises with diffi- 
culty on Uie edge into a blebby, semi-transparent 
glass. It is a mineral of very ^fficult fusion. 

ffith borax ftises very dowly, without cflfer- 
vescencci into a diaphanous glass. 

Salt of phosphorus attacks it with great diffi« 
culty ; with the pulverised mineral, it gives a glo- 
bule which becomes opaline on cooling, and leaves 
a silica skeleton. 

With soda the solution is slow, and attended 
with effervescence; it gives a transparent glasi^ 
very difficult to Aise and obtain free from blebs. 

IVith solution of cobalt only the fi&scd edget 
are coloured blue. 

Remark 1st. — ^The iridescent felspar, ttom La-» 
brador, in America, according to Klaproth's ana* 
lysis, (Beytr. vi. S55,) should be composed ot 1 
atom of trisilicate of soda + S atoms of trisilicate 
of lime +12 atoms of silicate of alumina, and 
ought to behave before the blowpipe like paran- 
thine or mesolite, which have very nearly the 
same composition. But this mineral so fully pre- 
sents all the characters of felspar, in regard to 
fusibility and solubility with the flu^eis, that it is 
difficult to imagine it not to be one. May not the 
mineral which Klaproth analysed be a compact, 
opaline scapolitc? 
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., Remark 2i-T??AiuoBgst the crystalline mineralg 
th^t accoiupaAy meiouite aj^d nepj^eliu^,^ Warper 
has distinguished pne by the. name of Eisspatf 
This fossil behaves in every respect like felspar, 
and '}£, as Pesdue?: has, asserted, it co^tai^ soda, it 
&II0WS that it k identical with the ^bite, or kie^l- 
spatk, of Hajxsmm^ ; 

. , ^. ElcBolit^ Fettstein, from Fredrichsyam^ in 
Norway.^ 

Alone, in t her matrass f giY^^ off a little water, 
¥^thout any change in aspect or transp^enca • 

On charcoal fuses pretty readily, with flight 
intumescence, into a blebby, colourless glass. 
: /iTi^^ ^or^z.z' dissolves easily, except a certain 
semi-transparent portion, which, ^ with mesotype, 
does not fuse at first with the rest, but requires ,^ 
long continued blast. 

^Fith salt of phosphorus decomposes with the 
yjtmost difficulty, and leaves a siliceous skeleton. 
The glass becomes opaline on cooling. 
. With soda^ vitrification extremely laborious. 
The glass is very difficult to fuse and obtain clear. 
•^ fFith solution of cobalt the fused edges are co-^ 
loured blue. ) 

.9. AndalusitCf frcmi Fuhhia. Felspath^apyre* 
^ Alone becomes covered with white spots (the 

* Klaproth's analysis gives the very improbable composition 
of 1 atom of trisilicate of potassa+ 4* atoms of silicate of alu- 
mina. Vauquelin found both soda and potassa in it. In point 
pf composition, this mineral appears to be a scapolite, in which 
the lime is replaced by alcaline bases. B. 



rest preserving its colour), an^ does not fiipe either 
in thin spangle or in powder. 

fFith boras fuses with difficulty, even in powder, 
into a transparent, colourless glass. 

With salt of phosphorus decomposes with diffi- 
culty, and almost solely on the edges. The trans^ 
parent part of the glass is not opaline. 

With soda intumesces a^d decomposes, but does 
not fuse. The soda penetrates the charcoal^ and a 
white mass remains, on the surface. 

With boracic acid and iron gives no phosphuret 
of iron. 

10. Apophyllite, ichthyophthalmite, from Uto^ 
and other places.^ 

Alone, in the matrass, gives off much water, and 
tuxns milk white. 

On charcoal splits and dilates in th^ direction 
of the laminae. In a strong heat, swells up likq 
borax, and fuses, with continual intumescence, into 
a colourless, blebby glass. 

With borax fuses easily into a transparent glass. 
The saturated glass becomes opaque by flaming. 

With salt of phosphorus de^mposes easily, and 
gives a silica i^keleton, which usually intumesces so 
much as to fill the whole globule. 

With soda foses readily into a transparent glass, 
which, with a larger qua^ntity of soda, becomes 
opaque on cooling. 

' One atom of sexsilicate of potassa + 3 atoms of trisilicate 
of lime + 16 atoms of water. The formula calculated front 
the author's own analysis. C. 



816 PYROOKOSTIC CHAEACTEES 

11. Hauyne^ from Italy. 

Aloncy in the matrass^ gives off no water. 

On charcoal loses its colour, aud fuses into a 
blebby glass. 

ff^ith borax frises, with effervescence, into a 
diaphanous glass, which becomes yellow on cooling, 
like the glass of gypsum. The saturated glass 
becomes opaque on cooling. 

With salt of phosphorus fuses with effervescence, 
and leaves a silica skeleton ; the glass is opaline on 
cooling. 

Soda attacks it with difficulty, and converts it 
into a scoria, which is vitreous only at the extremity 
of the most projecting edge, and, on cooling, has the 
red colour of a h^ar. 

Remark. — These effects are so much like those 
exhibited by lapis lazuli, that we may presume the 
two minerals are very much alike in composition. 

12. Tourmaline, Schorl (potassa-tounnaline). 
{a). Blacky from Karitigbricka. 

AlonCf in the matrass^ gives off no water. 

On charcoal fiises with very brisk intumescence^ 
and whitens. The intumesced portion fiises with 
difficulty into a semi-transparent yellowish grey 
globule. 

With borax fuses easily, with some effervescence, 
into a transparent glass, which, when cold, has a 
slight tinge of iron. 

With salt of phosphorus decomposes readily, 
with brisk effervescence, and leaves a skeleton of 
silica; the glass globule becomes opaline. 
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fFith soda dissolves, with much labour, into a 
difficultly fusible glass, which a further quantity of 
soda makes still more infusible. 

(b). Black, from Bovey, in England. 
Alone intumesces, and gives a black scoriaceous 
mass, of difficult fusion. Behaves with the fluxes 
like the preceding, 
(c). Greenp from Brazil. 
Alone intumesces, blackens, vitrifies without 
fusing perfectly, and, after a good blast, gives a 
rounded, yellowish and blebby scoria. 

JVith boras fuses pretty easily, with, at first, a 
slight efFervescence. The glass has a slight tint of 
iron, and holds white particles in suspension, which, 
for a long while, resist solution. 

IVith salt of phosphorus behaves like the pre- 
ceding. 

JVith soda like the preceding, but the glass is 
rather more fusible. On the platina foil no traces 
of manganese. 

IS. ATtca. We have here another crystalline 
form, common to a multitude of different com- 
pounds, which often behave very dissimilarly before 
the blowpipe. Nevertheless, mica, as well as am- 
phibole, garnet, &c., is susceptible of a certain 
general formula, in which it is only necessary to 
replace one isomorphous base by another, to deduce 
those pecidiar to different varieties. But this 
chemical formula is not yet exactly known, and 
we do not well understand to what class of isomor- 
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phous bodies the cbmbiriations it-itditides belong. 
Trisilicate of potassa, combined with (Several atoitiil 
of silicate of alumina, is an essential piart of mi^a; 
but with this, silicate of jirotoxide 'Of iron is always 
combined ; often also, silicate of pnotoxide of man- 
•ganeise, and sometimies^'iilicate of jittrdiddfe 6f man* 
ganese. •' •--'^^■•'-'^ '■'-' " -- 

We are ignorant hoW thefse substaiieeig' kre sub- 
istitutted for one anothleh The pitteipal analyses 
of ihiija hitherto published, ' aref, Besides^ Ihoiste of 
Klaproth and VaUquelitf," tie' analyses' lately tii^dt 
by M; tt. Rose, in which ^he fotand that all Mica 
contains- more or less evident traces of fluoric acidi 
and a «mall quantity of water. But tven these 
results are not capable of giving us a clear idea bf 
the chemical formula representing. liiica. Rose's 
analyses indeed would give it, if in the silicatesf of 
iron arid manganese the base were a peroxide ; it 
would then be 1 atom of trisilicate of potassa -f- 1^ 
atoms of silicate of alumina, in which we inajr 
replace a greater or less number of ^toms of 
isilicate of aluriiina, by a silicate of peroxide of iron 
or manganese. But Rose's experiments constantly 
-proved that ferruginous mica, heated to redness in 
a retort, developed a green colour and acted on the 
magnet, vnthout any disengagement of gas indi- 
catihg the disoxidation of the presumed peroxidei. 

To these uncertainties are kdded the diflFerences 
respecting the polarization of light by difierent 
varieties of mica, and the remarkable instance ad- 
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duced by M. Biot, bf a very magnesiaii itiiid 
which has but oile axis, whcueas the CDtnmoiif 
mibas have two. •'' 

As to the pheno!mcna which the differieht ^ Sdrts 
ot mica present at a very high t61np6ratitfd; M; 
Rose observed tliat those which contain from -^iS 
1 per Cent, of flUoric acid, lose theii* brilliancy, 'alid 
become 'dull l)y ignition itf cl6^e v'eiSisels. ^iThe 
Others liideed I01S6 theit transparelice, but tliey 
asslmie a* semi-metaUic,' idlviry^; or goldfeu luWiftf. 
^h6 cailse 6f the tarnishing of the micas thit 
contain most fluoric acid, is evidently tJwing to thfe 
lOiSs which the surfaces 6f thd IkniinaGi ^ustaitiby 
the fluoric acid carrying 6ff with it a portion ^f 
their dlica, in the form of silicatcd fluorici atcid. 
it follows from these general considerations, thM th6 
ttiicas, like the garttcts, rtiust vary with their locav 
lities, and that it is impossible, from expcrimifehtb 
"dn th^m by the blbwpipe, to deduc6 any distinctivfe 
charactor for the species, that may be comWontO 
all the. varieties! 'I, therefbre, jproceed tb tWtail 
the plhenomena peCilliaSr to some bf them. ' ^ 

' (a). Mica, from Broddbo tnA Finbo.^ Occurt; 
in granite. 

J lone, in the matrass, gives off water at thb 
melting point of glass, which contains decided traces 

' One atom of trisilicate of potassa + 1 atom of tritilicate 
of protoxide of iron -f 10 atoms of silicate of alumina^. TI^ 
formula calculated from Rose's analysis.* C. 

* It contains besides 1*12 per cent, of fluoric acid. B. 
5 
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of fluoric add. At this heat the mica becomes 
dark green, rough to the touch, and dull on the 
surface. Heated to redness in the flame, by the 
blowpipe, it becomes white, or grey-white, and 
retains its brilliancy, but is covered with inequali- 
ties from the intumescence of the substance. It 
splits on the edges in the direction of the laminae, 
and fuses into a blebby, yellowish grey glass. 

fVith borax fuses readily, with effervescence, 
into a glass coloured green by iron. If previously 
heated to redness in the matrass, the fusion is 
not attended with effervescence. 

fFith salt of phosphorus decomposes easily, in- 
tumesces so as to form a transparent skeleton, hardly 
perceptible, except by its disturbing the roundness 
of the globide. If only a small quantity of mica 
have been taken, the skeleton dissolves wholly in a 
good blast; but, with a larger quantity, the greater 
part becomes insoluble. The glass globule is opa- 
line on cooling. 

JVith soda swells up, and is converted into a 
tumified scoria, at first green, then grey, of which^ 
only that side immediately exposed to the flame, 
fuses into a transparent, slightly green glass. On the 
jj^tina foil gives very decided traces of manganese. 

fFith solution of cobalt gives a black glass. 

(b). Mica^from North America. Occurs in granite. 

AlonCy in the matrass^ gives off water without 
becoming opaque. At the fusing point of gkssi^ 
it assunies a silvery metallic whiteness; gives 
scarcely perceptible traces of fluoric acid. 
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On charcoal turns milk white, and theni at a very 
high temperature, fuses on the extreme edge into 
a white enamel ; the thinnest spangle cannot be 
fused into a globule. 

PFith boras fuses at first with slight effer- 
vescence, afterwards quietly. If previously heated 
red, till it becomes opaque, it fuses without any 
effervescence with borax. 

fVith salt of phosphorus in small quantity, 
fuses at first completely. Afterwards decomposes 
with difficulty, and leaves a very small silica skele^ 
ton. The glass becomes opaline, but only after a 
prolonged blast. 

ffith soda a white scoria, that may be fused into 
a transparent glass on the points most exposed to 
the flame. 

fVith solution of cobalt fused edges coloiured blue. 

(c). Mica, from the limestone quarry at Pargas. 
The assay was part of a hexahedral prism. 

Alone, in the matrass, gives off a little water, 
without change of aspect. In a strong heat gives 
no trace of fluoric acid. Preserves its smoky coloiu* 
and transparence even when heated red by the 
blowpipe flame. Fuses easily into a milk-white 
glass, which may be obtained in a globule. The 
unfused portion of the assay loses nothing of its 
transparence. 

fVith borax dissolves readily without the slight- 
est effervescence. The lamina of mica lies quietly 
in the flux, and, retaining its transparence, dimi- 
nishes by degrees till it entirely disappears. 
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W^itk salt of phosphorus decomposes readily^ 
and leaves a perfectly transparent silica skeleton^ 
TJie glass is opaline. 

PFith soda intumesces, turns milk-white, and 
then fuses into an opaque globule, which beomies 
milk-^white on cooling. 

fFith solution of cobalt gives a clear blue on the 
j^ed edges. 

Remark. — ^Did not the exterior form of the 
three last minerals denote that they are micas, it 
would not be natural to refer them to the same 
species, from the phenomena they present with the 
blowpipe. The fusibility of the mica from Pargas» 
aikd the difficulty, not to say impossibility, of frising 
that from America, are indications of a very dif-* 
ferent chemical composition. These difierencea 
coarespond with those we have observed between 
eomlnoti schckl and the tourmaline apyre, whose 
composition is also very dissimilar. 

14. Talc. What I have said of the micas, ap- 
plies very ^ell to the tjdcs, as the following experi-* 
ments will ^ow : — 

(a). Clear-green transparent talc, from the 
valley of Bine. 

j^lone gives off no water, nor loses its transpa- 
f&tce by ignition. In a strong heat it exfoliates, 
whitens on the part most heated, but does not 
filse/ 

> << All the foliated varieties of this mineral are fusible ih^ 
a greenish ghs^J' Clarke. Gas Blowpipe, p. 54. 
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fVith borax fuses easily^ aud with brisk effer- 
vescence, into a transparent glass. 

With salt of phosphorus fuses easily, with effer- 
vescence^ into an opaline glass, and leaves a trans- 
parent siliceous skdeton. 

fVith soda intumesces, and changes into a white, 
semi-fused scoria. 

With solution of cobalt gives a very pale red 
colour. 

(b). White opaque talc, from the valley oC 
Fencstrolle. 

Behaves like the preceding, except that it oifer- 
vesces less with the fluxes. 

(c). Translucid greenish talc, from Skyttgrujfwa, 
near Fahlun. 

Alone, in the matrass^ no trace of water, clears 
a little on the edges, but does not lose its transpa* 
rence by a moderate ignition. In a stronger heat 
it whitens, becomes scaly and rounded on the edge 
into a white, blebby mass. 

With borax fuses, with effervescence, into a 
transparent glass, which, whilst hot, is tinged with 
iron. A portion resists solution at first, but after- 
wards fuses very slowly without effervescence. 

With salt of phosphorus decomposes easily ; 
gives an almost transparent skeleton of silica, ai^d 
an opaline glass. 

With soda intumcsces, and fuses into an opaque,' 
difficultly liquefiablc glass, which may be obtained 
clear with a certain proportion of soda. In general, 
this glass absorbs a large quantity of it. 

Y 2 
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With solution of cobalt gives a red colour, with 
a strong heat 

Remark.'^Thua the species of talc found in the 
mine at Fahlun behave before the blowpipe. 

{d). White talc, from China ; Agalmatolite. 

A lone, in the matrass, gives off an empyreumatic 
water. The assay blackens, as commonly happens 
with the serpentines, and silicates of magnesia. 

On charcoal whitens with heat, becomes scaly 
on the surface, and presents some marks of fusion 
at the extremity of the most projecting part. 

With borax behaves like the preceding minerals, 
except that the glass is colourless. 

With salt of phosphorus no decomposition. At 
first a brisk effervescence ensues, and the assay di- 
minishes in bulk ; the remainder appears absolutely 
insoluble. 

With soda, and the solution of cobalt, behaves 
like the preceding mineral. 

(e). Black talc, from Finbo, near Fahlun. 

Alone, in the matrass, gives off a large quantity 
of water, which, by igniting the assay, presents 
evident traces of fluoric acid. At a red heat, the 
mineral assumes a clearer colour and a greenish 
tint ; it afterwards fiises pretty easily into a black 



With borax fuses easily, without remarkable ef- 
fervescence, into a glass strongly coloured by iron. 

With salt of phosphorus decomposes easily, and 
leaves a skeleton of silica. Whilst hot, the glass 
is tinged by iron ; it becomes opaline on cooling. 
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ffith a little soda dissolves into a black glass> 
which a larger dose of soda makes difficult t6 fuse, 
and colours yellowish brown. On platina foil, it 
presents very slight traces of manganese. 

Amongst the fossils, considered as the remains 
of an ancient organization, there are but two whose 
nature can be ascertained by the blowpipe. They 
are both aluminous salts. 

1. Ammoniacal alum, from Tschermig, in Bo- 
hemia. 

Alone, in the matrass, gives off water and swells 
up. A_ sublimate of sidphite of ammonia then 
forms, the greater part of which is dissolved by the 
water, and sulphurous acid is disengaged. After 
ignition of the mass, the remainder behaves like 
pure alumina. ICneaded with soda, and gently 
heated on platina foil, it exhales a very sensible 
odour of ammonia. 

2. Mellite. Mellate of alumina. 

Alone, in the matrass, gives off water, whitens, 
and becomes opaque. At a red heat, carbonizes 
without exhaling any very sensible empyreumatic 
odour ; the water condensed in the matrass is co- 
lourless, and has no acid or alcaline action. 

On charcoal first blackens, takes fire, then in 
an intense heat becomes white, and contracts con- 
siderably ; it afterwards retains its whiteness, and 
behaves like pure alumina. 

Remark, — Mellate of iron has been found lately, 
but I have not yet been able to procure a specimen 
of it for examination with the blowpipe. 



886 PYROGNOSTIC CHaHACTERS 



laiNEllALS NOT HITHERTO ANALYSED, AND 
WHOSE RANK, THEREFORE, IS NOT YET 
FIXED IN THE CHEMICAL ARRANGEMENT. 

1. Helvine, from Schwartzenberg, in the metal- 
liferous mountains of Saxony. Furnished by M. 
Cordier. 

AlonCi in the mafrasSy gives off wateri without 
its sulphur-yellow coloiu:, ox transparence, being 
altered. 

On charcoal fuses with bubbUng, in the interior 
flame, into an opaque globule, nearly of the same 
colour as the stone. In the exterior flame, the 
fusion is much more difficult, and the colour of the 
mineral turns to brown. 

With borax fuses slowly into a diaphanous glass, 
which, as long as any portion of the assay remains 
undissolved, is yellowish, and retains a yellow tint 
even on cooling. After complete solution, the 
glass becomes colourless in the interior flame, and 
deep amethyst colour in the exterior ; the tint in 
the latter case is not perfectly pure. 

With salt of phosphorus decomposes easily, and 
gives a siliceous residuum, and a gkss colourless 
both cold and hot, but which becomes opaline on 
cooling. 

With soda at first intumesces, then fuses easily 
into a black glass globule, which, in the reducing 
flame, becomes chesnut-brown. On platina foih 
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swells up, divides, and becomes chesnut-brown, 
without colouring the soda ; but, with a prolonged 
blast, the whole mass assumes the green colour of 
manganese, and is converted into mineral cameleon. 

Remark. — This mineral is, therefore, a silicate 
of manganese, into which that metal enters as an 
essential constituent ; whether it contain any other 
base, as lime or alumina, its reactions do not inforpi 
us. It appears, however, that iron is not one of 
its essential elements. « 

2. Chiastolitey MaclCy from Britanny. 

Alone gives off a little water, without changing 
its aspect; whitens by heat, but does not fuse. A 
very thin cake, made with the pulverised mineral, 
concretes into a mass. 

fVith borax fuses with extreme difficulty, eveii. 
in powder, into a transparent glass. 

Salt of phosphorus has scarcely any action on 
this mineral, but it becomes colourless and trans- 
parent in the globule. If the pulverised assay be 
added in very small doses, it dissolves in the flux 
without residuum ; but the salt of phosphorus soon 
becomes saturated, and refuses to dissolve a further 
quantity. 

JVith soda the assay decomposes and swells up, 
but neither fuses nor forms a scoria. 

PFith solution of cobalt we obtain a blue co- 
lour, whose purity is proportionate to that of the 



Remark. — These results show that chiastolite 
is a silicate of alumina^ and to all appearance 'a 
subsilicate. 
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PHENOMENA 

DEVELOPED BY URINARY CALCULI BEFORE 
THE BLOWPIPE. 

It is very important to medical men to know the 
nature of the concretions formed in the urinary 
passages of the patient who applies to them for 
relief. The chemical composition of these sub- 
stances is more easily ascertained than is generally 
supposed, and the blowpipe furnishes us, for that 
purpose^ with a method of proving them, as simple 
as it is infallible, and which requires no more che- 
mical knowledge than every physician ought to 



1. Urinary calculi, formed of uric acid. 

Heated by themselves on charcoal, or platina 
foil, they carbonise, firnie, and develope an animal 
odour ; in the exterior flame, they continually di- 
minish in bulk. Towards the end of the roasting, 
they bum with increased light ; although we then 
suspend the blast, the matter still continues to 
bum brilliantly, and at last leaves a residuum, 
consisting of a very small quantity of strongly al- 
caline white ash. 

As there are other combustible substances that 
might be confounded with uric acid, a portion of the 
eakulus should be examined in the moist way, as fol- 
lows : We place 1-lOth of a grain of the substance on 
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a thin lamina of platina or glass, and having added 
one drop of nitric acid, heat the whole over the 
lamp; the uric acid dissolves with effervescence, 
and the mass must then be careftdly dried, lest it 
bum; when dry, a beautiful red colour appears. 
If the assay contain but a small quantity of uric 
add, it sometimes blackens, instead of reddening 
by the heat. In that case we must take a fresh 
portion, and having dissolved it in nitric aeid,^ 
withdraw it from the heat, when the solution is 
nearly dry, and then leave it to cool till the desic- 
cation is completed. Then, turning the support' 
to which the assay adheres, upside down, we hold*^ 
it in that position above a little caustic ammonia, 
placed over the lamp ; as soon as the ammoniacal 
vapour reaches the dried substance, the fine red 
colour is developed.^ The same colour is develqped, 
but not so fine, if we moisten the dried matter 
with a little weak solution of ammonia. 

Urinary calculi, formed by a mixture of uric add 
and the earthy phosphates, are sometimes met with. 
They carbonize and bum away like the first, but 
leave a larger residuum, which is neither alcalihe 
nor soluble in water. Treated with nitric acid 
and ammonia, they exhibit the beautiful red colour 
which distinguishes uric add. The remaining ash 
is either phosphate of lime, or phosphate of mag<- 
nesia, or a mixture of the two. 

' This mode of applying the ammonia was invented" by 
Professor Jacobsen of Copenhagen, who, by this reagent, 
has shown the existence of uric acid in the excretions of 
animals of the lowest order. 6. 
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2. Calculi formed of u fate of soda. 

This substance rarely forms part of urinary cal- 
culiy and is seldom met with except in the hard 
excrescences that form roimd the articulations of 
gouty patients. Alone, on charcoal, they blacken, 
develope an empjrreumatic animal odour, are diffi- 
cultly reduced to ashes, and leave a strongly alca- 
line, grey residuum, which forms a glass by Aision 
with a little silica. If, as is most common, the 
calculus contain earthy salts, the glass is white, 
or greyish white, and opaque. 

3. Calculi formed of urate of ammonia. 

Behave before the blowpipe like uric add cal- 
culi. Treated with a drop of caustic potassa, they 
exhale, when gently heated, a strong odour of am- 
monia. The slight ammoniacal odour, which po- 
tassa developes with almost all animal substances, 
has nothing to do with this. These calculi often 
contain, besides, urate of soda. 

4. Urinary calculi of phosphate of lime. 

Alone, on charcoal, they blacken, exhale an ani- 
mal empyreumatic odour, and finally become white ; 
they do not fuse ; in other respects they behave 
like phosphate of lime. (See phosphate of lime^ 
p. 251.) A proof that these calculi are not sili- 
ceous, is that they swell up with soda without vi- 

4 
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trifyingy and when dissolved in boracic acid, and 
then fused with a little iron, they give a regidus of 
phosphuret of iron. 

5. Cakuli of ammomaco-magnesian phosphate. 

Alone f on the platinafoil, they exhale a strong 
odour of salt of hartshorn, blacken, swell up, and 
lastly become greyish white. They fuse easily in- 
to a greyish white, enamel-like globule. 

fFith borax and salt of phosphorus they fuse 
into a transparent glass, which, if the proportion 
of the assay be large, becomes milk white on 
cooling. 

With soda they fuse into an intumescent white 
scoria, which a larger dose of soda renders infusible. 

With boracic acid and iron they readily give a 
regulus of phosphuret of iron. 

With nitrate of cobalt they give a dark red 
glass. 

When the calcareous and ammoniaco-magnesian 
salts occur together, it is known by the diminished 
fusibility of the mixture \ 

6. Calculi of oxalate of lime. 

Alone^ immediately exhale an urinous odour. 
Those whose crystallization is least confused, lose 

' This is a mistake,— and I am obliged to my friend Dr. 
Marcet for having pointed it out. The compound calculus 
is much morejusible than either of its component salts — it has 
in consequence been named, iuLr%%cx^f^ " the fusible calculus** 
See Marcet's Essay on Calculous Disorders, p. 78. C. 
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the polish of their surface, whilst their colour get9 
clearer. After a moderate ignition the residuum 
effervesces with a drop of nitric acid, and, with a 
good heat, leaves quick lime on the charcoal, which 
acts on reddened litmus paper like an alkali, and 
commonly falls to powder when slacked with 
water, but not if the residuum contain phosphate 
of lime. 

7. Siliceous calculi. 
Alone, leave an infusible, sometimes scoriaceoiis 
ash, wnich fuses with a small quantity of soda, 
slowly and with effervescence, into a more or less 
transparent glass globule. 

8. Cystic oxide calculi. 

These calculi behave very nearly like those of uric 
add, before the blowpipe ; they do not fiise, they 
take fire readily and bum with a bluish green flame, 
exhaling a very acid, peculiar odour, which has 
some remote resemblance to that of cyanogen. 
Their ash is not alcaline, and in a good heat fuses 
into a greyish white mass. They differ from uric 
acid, both by the odour they develope by heat, 
and by not producing the red colour by the action 
of nitric acid. 

Remark. — I have not had an opportunity of ex- 
amining the calculi discovered by Dr. Marcet, in 
which he found a peculiar substance that he has 
named xanthic oxide.^ 

' The following account of xanthic oxide is taken, by his 
permission^ from Dr. Marcet's " Essay on the Chemical 
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readily as the alkaiiea; so that a doubt may arise whether 
acids may not act upon it merely through the water they 
^Dtain. 

** 8. The residues of its solution in tlie muriatic and sul- 
phuric acids are white; and. as far as I was able to judg^ 
ffom the minute quantities of the calculus which I was able to 
spare for experiments, no distinct crystals were fornaed. 
Concentrated sulphuric acid does not blacken this calculus. 

*' 9. When the solution of the new substance in nitric acid 
is evaporated to dryness, the residue assumes a bright lemon 
colour. This yellow residue is partly soluble in water, to 
which it communicates its colour. The addition of an acid 
takes away this yellowness ; but if caustic potash be added 
to the yellow substance^ it instantly turns it to a more or Jess 
intense red colour, according tp the degree of dilution ; and 
i^pon evaporation it assumes a brilliant crimson hue, which, 
however, disappears on adding water, the yellow colour being 
reproduced, and remaming perfectly transparent. The prcr 
vious action of nitric acid is necessary for these singular 
changes; for if the potash be added to the pure calculous 
substance, such as deposited by water, no change of colour 
takes place. The residue of the solution of the calculus in 
water produces the yellow substance, when treated with 
nitric acid, just the same as the calculus itself. 

<< 10. The new substance is insoluble in alcohol or ether. 

*M1. It is but very sparingly soluble in acetic acid. 

** 12. It is insoluble, or nearly so, in oxalic acid. 

<' 13. It appears to be insoluble, or nearly so, in bicarbo- 
nate of potash, or saturated carbonate of ammonia. 

'* Upon the whole, this calculus appears to be a substance 
sui generiSf and will probably be found entitled to be consi- 
sidered as an oxide, though it is certainly much less soluble 
in acids than the cystic oxide. 

" It is considerably more soluble in water than lithic acid, 
and is abundantly distinguishable from it by the lemon colour 
it forms when acted upon by nitric acid, and by its smell when 
burnt. 

<< It is as easily distinguished from the cystic oxide, since 
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Brazil wood paper, efiect of 

fluoric, phosphoric, and 

oxalic acids on, notOi 127 
Byssolite, 264. 



C. 

Calaite, 216 

Calculi, ammoniaco-magne- 

sian phosphate, 331 
— — cystic oxide, 332 

' oxalate of lime, 331 

■ phosphateoflimey330 
■ siliceous, 332 



Calculi, urate of ammoi>ia,^0 
'■ urate of soda, 330 

uric acid, 323 

■ xanthic oxide, 332 

Carbonic acid, 130 
Carpholite, 222 
Cenne, 290 
Cerite, 211 
Cerium, fluate of, 209 
Chabasic, 277 

Charcoal, of alder recom- 
mended, note, 32 
" of pine the best, 30 

i usedasasupport,30 

Chiastolite, 327 
Chlorite, 243 
Chondrodite, 237 
Chromates, 133 
Chrome, earthy, 136 
Chrysoberyl, 878 
Cinnabar, 144 

mealy, 14?4 

Clay, Cologne, 228 
— Stourbridge, 228 
Cobalt, arson iate of, 182 

■ arsenical, 180 
— arsenite of, 182 

■ black oxide of> 181 

■ nitrate of, its use as a 
reagent, €0 

• sulphuret of, 179 



Colurabite, 202 

Combustibles, of the, 18 

Copper and antimony, sul- 
phuret of, 163 

' argentiferous sulphu- 

ret of, 163 

■ arseniate of, 171 
— — carbonate of, 170 

" oxides of, 168 

■ oxide of, its use as a 
reagent, 65 

■ phosphate of, 169 
pyrites, 164 

seleniuret of, 167 



Cryolite, 302 



• submuriate of, 169 
- sulphate of, 168 
sulphuret of, 1Q2: 



INDttX. 



AS9 



C^ymoplmnci 978 
Cyplirinc, 280. 



Datliolito, 252 

Davy^ hii viowi roipocting 

flume, note, 2ii 
l)ucroj)itution, how guarded 

uguiiut, iHi 
Diullugo, 2ili 
Diaiporo, 22(i 
Dichroito, 24>2 
DiopMidOy 2^H 
Uipyrc, 276 
DiNtlicno, 2ii) 
— — — employed a» u »up» 

port, S/> 
Dunkel, Woifiguttigorz, 150. 



Flamoidiroctloni ooncoming, 

— ^- 8yiii on the struct4M« 

of, note, 27 

IHamingy meaning of tbo iernii 
55 

l*lluat0| eaiy mode of nicor- 
tttining a, notOf 128 

Fluoric acid, 127 

Fluor Mpurt iu uie ni a re- 
agent, 59 

l*orcep« de»cribed, 37 

— • l*e|)yii'Hy for deeropi- 
luting HubntanceHf note, 58 

Fuller'i earth, 227. 



Ih 



K. 



Kcumo do mor, 2dl> 
Kj^erane, 28(> 
KiMunMintor, 193 
Ekebergito, 808 
Kloctrum, Hi) 
Kltvolitc, 314* 
Emerald, ^33 
Kndellionc, 155 
Epldote, 272 

■ nmnganottiant 273 

KMonito, 284* 
Kuchairito, 167 
Euclane, 234. 



F. 

I'alilerz, orcv, 108 
Falilunite, 221 

hard, 241 

I'ddNpur, rM2 

llatiic, Davy, IiIn vIuwm ru* 
»pucUug, note, 23 

/ 2 



(ladolinitc, 230 
(lahuite, 187 
(ifarnet, 225 

— black, 282 

— — clear brown, 282 
■ deep brown, 283 

— — green, 282 

red, 263 

(iarnetf, magneiian, 2i5 
(rehlinite, 289 

General rules for oxperimenti 

with the blowpipe, 05 
(ilanzerz, 146 
GlanK lubff, how mod in 

roasting asiavM, 35 
(ilauboritc, 301 
(ilucina, 82 
Gold, 118 
— — graphic, 14'2 
-— — tclluriferouf and plum- 

hiferouN, 143 
G rammatite, 262, 264 
Graphite, HX) 
Gypsum, its use as a r^jgunt, 

51). 
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i^NDfiX. 



H. 

Hammersy best form for, 39 
Harmotome, 296 
Hailyene, 316 
Hedenbergite, 270 
Helvine, 326 

Hombtendet black, crystal- 
lized, 266 

in large 



-primitive. 



laminae, 266 

265 

Horn lead^ 157 
Hyacinth, 212 
Hydrates, 130 
Hydriodic acid, 126 
Hyperstene, 244. 



Idocrase^ 285 

Iridium, 118 

I and osmium, alloy of, 

141 
Iron, arseniate of, 192 
— • carbonate of, 192 
— — chrokniferous, 194 
1-*— columbiferous, 190 

hydrate of, 196 

1.*— its use as a rieagent, 63 
I I 1 1 magnetic ore of and 

peroxide of, 191 
»— native, 188 
-f-t-^ phosphatie of, 192 
» . sulphate of, 191 
.— — sulphuret of, 188 
»-— -- titaniferous, 195. 



Jade, 24<1. 



K. 



Kbbaltglanz, 181 
Konpholite, 274- 
Kupferraangan, 208. 



L. 

Lamp, form of, note, 19 
Lapis lazuli, 305 
Laumonite, 277 
Lazulite, 215 
Lead, arseniate of, 158 

carbonate of, 157 

chloro*carbonateof,157 

— chromate of, 160 

— its use as a reagent, 63 

— molybdate of, 159 

— oxide of, 156 

— phosphate of, 158 

— sulphate of. 156 

— sulpho-carbonateof,157 

sulphuret of, 153 

tungstate of, 161 

Lepidolite, 300 

Licht Weissgiittigerz, J 55 

Lievrite, 278 

Lime, 79 

arseniate of, 253 

— carbonate of^ 250 
fluate of, 248 

phosphate of, 251 

sulphate of^, 247 

— — tungstate of, 254 
— i — uranate of, 255 
Lithia, 75 

Loboite, 286. 



M. 

Made, 327 
Magnesia, 81 

how discovered by 

nitrate of cobalt, 60 

hydrate of, 247 



Kieselmalachite, 173 



Magnesite, 235 
Malacolite, white, 268 



IVDSX. 



Ml 



Manganese, carbonate of>200 
' ferriferous phos- 

phate of, 199 
■ ' hydrate of, 208 

peroxide of, 198 

silicate of, 207 

- sulphuret of, 196 



Mangankiesel, black, 205 

^ red, 206 

Matrass, use of, 35 
Meionite, 312 
Melanite, 282 
Mellite, 325 

Mercury, chloride of, H5 
' hepatic, 145 

Mesolite, 307 
Mesotype, 306 
Metallic carburets, 124 

seleniurets, 120 

' sulphurets, 119 
Mica, 317 

— used as a support, 35 
Mispickel, 189 
Molybdates, 133 
Molybdena, sulphuret of, 137 
Molybdic acid, 85, 137 
Moroxite, 251 
Muriatic acid^ 125. 



Nadelerz, 166 
Nepheline^ 220 
Nephrite, 241 
Nickel, arseniate of, 177 

arsenical, 175 

n spiesglanserz, 176 

sulphuret of, 175 

white ore of, 176 

Nitrate of cobalt, its use as a 

reagent, 60 
Nitric acid, 125* 

O. 

Ochre, vitriol, 191 



Orthite, 292 

Oxidation, how produced, 28 

Oxide of antimony, 91 

— bismuth, 110 

' ' cadmium, l04 

— — - oeriumi 100 
' chrome, 89 

' cobalt, 107 
■' columbium, 93 
— — copper, 115 

■ iron, 105 

lead, 114 

manganese, 101 

— — mercury, 117 

■ nickel, 108 

■ silver, 117 

' tellurium, 92 

tin, 112 

■ titanium, 94 
' ." ' ' uranium, 99 

■ ■ zinc, 103. 



Palladium, 118 

• " native^ 145 
Paranthine, 75 
Pargasite, 267 
Peridot, 242 
Petalite, 298 
Phosphoric acid, 128 
Phosphorus, salt of, its use as 

a reagent, 56 
Pimelite, 178 
Pinite, 220 
Pistasite, 273 
Platina, 118 

as a support, 32 

foil, 33 

— — - grains of, 142 
■ spoon, 32 

wire, 33 

Pleonaste, 246 
Plombgomme, 162 
Polyhalite, 309 
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Potassa, inferior as a reagent 

to soda, 54* 
Prehnite^ 274? 
Pyenite, 218 
Pyrallolite, 238 
I^rites^common sulphureous, 

188 
■ magnetical) 188 

Pyrope, 287 
Pyrorthite, 293 
Pyrosmalite, 206 
Pyroxene, 267. 



R. 

Reagents, 45 

Reduction, how produced, 28 

Rhodium, 118 

Roasting, how performed, 35 

Rubellite, 308 

Rutilite, 140. 



Salite, pale green^ 268 

Salt of phosphorus, its use as 

a reagent, 56 
Saltpetre, 311 

■ its use as a reagent, 
58 

Scapolite, 275 
Scherbenkobalt, 180 
Scolezite, 276 
Scorodite, 193 
Sea salt, 302 
Seifenstein, 240 
Seleniates, 133 
Seleniurets, nfetallic, 120 
Serpentine, common, 240 

noble, 240 

Silica, 83, 141 

■ antimonial, 148 

— brittlesulphuretof,147 

— chloride of, 149 

■ its use as a reagent, 65 



Silica, red, 146 

sulphuret of, 146 

Silicates, 130 

Soda, its use as a reagent, 45 

sulphate of, 301 

— — what metals reducible 

by, 52 
Sodalite, 303 
Sordawalite, 245 
Speiskobalt, 180 
Sphene, 256" 

Spinel, 245 
Spodumene, 298 
Staurotide, 223 
Stilbite, 277 
Strontita, 78 

carbonate of, 295 

sulphate of, 294 

Sulphur, how detected, 119 
Sulphurets, metallic, 119 
Sulphuric acid, 125 
Supports, of the, 30 
Sym on the structure of flame» 
note, 27. 



T. 

Tabular spar, 257 

Talc, black, 324 

— clear green transparent, 

322 

translucid greenish, 323 

white, from China, 324 

white, opaque, 323 

Telesia, 213 

Tellurium, alloys of, 123 

■ how distinguished 

from antimony and bismuth, 

111 

sublimed oxide of. 



how distinguished from ar- 
senious acid, 124 
Tin, .its use as a reagent, 62 

— oxide of, 153 

— sulphuret of, 165 
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Titanite, 140 W. 

Topaz, 217 

Tourmaline, black, 316 Water, see hydrates, 130 
. from. Bo- Wavellite, 214? 

\ey ,317 Weissguttigerz, dunkel, 156 

» — clear blue, finely « — — ■ licht, 1 55 

striated, 299 Wolfram, 201 

dark blue, in Wurfelerz, 193. 



large crystals, 299 

— green, 317 

red,' and clear 



green, 293 
Tremolite, asbestiform, 262 
Triphane, 298 
Tungstates, 133 
Tungstic acid, 87. 



U. 



Yenite, 278 
Yttria, 83 

and cerium, fluate of, 

229 
Yttrocerite, 249 
Yttrocolumbite, 229. 



Z. 



Uranium, protoxide of, 183 Zeolite, mealy, 277 

yelbw hydrated Zinc, blende, 184 

oxide of, 183. ■ carbonate of, 185 

— oxide of, 184 

— silicate of, 186 

V. — — subcarbonate of, 186 

■ sulphate of, 185 

Zircon, 212 
Vauqueline, 172 Zirconia, 83 

Vesuvian, 285. Zoizite, 272. 



ERRATA. 



P. 19, note, last line; for " of the size draton in the Jigure^^* 
read, ** about twice the size of the figure^^ 

P. 82, 1. 19, for " soda or charcoal^^ read " soda on charcoal'* 

P. 137, 1. 18, for " earthly^'' read « eaHhy^ 

P. 140, last line, for "^'i;e," read *^ gives.** 

P. 141, 1. 11, for « qualities,** read " quantities.** 

P. 154, 1. 15, for " copper ores^** read " some copper ores.** 

P, 211, note, 1. 3 from bottom, for " silicate,** read " sub- 
sesqui'sUicate** 

P. 214, 1. 23, for ** phosphoric add^** read " salt of phosphorus." 

P. 228, 1. 6, for « the fusion,** read « their fusion.** 

P. 248, note, 1. 2 from bottom, for « 4 " read " 2." 

P. 259, 1. 13, insert a comma after " these." 

P. 298, 1. 10 from bottom, after Uto, add " (Lithium Tour- 
maline).** 

P. 75, 1. 13, 

P. 88, 1.21, 

P. 94, 1. 25, 

P. 95, 1.1, 

P. 97, 1.7, 

P. 106, 1. 3, 

P. 107, last line, 

P. 108, 1. 23 and 24, 

P. 110,1.5, 

P. 112, 1.7, 

P. 147,1.16, 



>for « duU** read '' dark: 



THE END. 



C. Baldwin, Frioter, 
New Bridge-Stfcet, Lqpdon. 
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Titanitc, W) 

Topaz, 217 

Tourmulinc, black, 316 

■ irorn Bo- 



vo>, 31 1 



- clear blue, finely 



W. 

Wotcr, Rco bydratciy ISO 
Wavdlitc, SiU 
Wci88guttigcrzy dunkcl, !/>(> 
-Iicht»l5r> 



striated, ^299 Wolfram, 201 

dark blue, in Wurfelcrz, 193. 



large crystal*, 299 
— — — green, 317 

red, and clear 



green, 298 
Treniolite, aubcstiform, 2G2 
Triphane, 298 
Tungtttaten, 133 
Tungstic acid, 87. 



U. 



Y. 

Yenite, 278 

Yttria, 83 

— — and cerium, ilimte of, 

229 
Yttroccrite. 24'9 
Yttrocolumbite, 229. 



Z. 



Uranium, protoxide of, 183 Zeolite, mealy, 277 

yellow liydrated Zinc, blende, 184 

oxide of, 183. — -» carbonate of, 185 

— oxide of, 184 
— — silicate of, 180 

V. — subcarbonate of, 186 

Hulphate of, 18/5 

Zircon, 212 

Vauquelinc, 172 Zirconia, 83 

VcBuvian, 285. Zciizite, 272. 



